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PREFACE 



In 1967 the Kational Science Supervisors Association^ realizing t&rc 
w^w^s a real need to ^ve assistance to those who were involved in science 
supervision, develojied A Sourcebook for Science Supervisors. That 
volume^ rpublish^jd by the National Science T^.ch?r^ Association, 
^proved to be much in demand aild was of real help to ^ence super* 
visdi^every where. 

While .many of the timely and forward-looking ideas, in that 
volume can still be readily applied in successful science supervision, 
many new challenges for the science sup^isor hive emerged since 
1967. Among these new challenges* are an ihcr^ing emphasis on the 
evaluation of pupils and programs^ demands foF accountability; chang- 
ing working relationships with teachers and administrators; a new 
emphasis on public relations; increasing c6;icems with safety and 
liability; and the need for a science supetvisDr to be mor^ flexible tlian 
ever before as new trends in scien^g education take place, at an 
accelerating pace. , " 

If tliis volume is'Sbf assistance science 'Supervisors in carrying 
out their most'^ important task — improving science- learning — it \vill 
have been a source of great satisfaction to* the many contributi^lg 
authors who have shared their ideas <ind experiences. The National 
Science Supervisors" Association appreciates the work these authors 
'ii;ivc (lone in the cause of effective science supervision. ^ 

' ' / 

' • • ' . ' Warren Classqx 

. Presidemof NSSA, 197^-76 
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^ INTRODUCTION ^ 



The purpose of ^ sifiepce consultant; supervisor, director, coordinator, 
department chairperson, or curriculum specialist is to improve the 
learning situation for students^ that they become knowledgeable of 
the content, process, and app^cation of science and the responsibilities 
of scientists to themselves and to society. ^ 

Titles vary with school systems and do not net'fes^rily differentiate 
duties and Iiierarchy of prestige. ''Supervisor", will be used as a general 
term for a scierlte-trainc4- person at any kvel, who has thte responsi- 
bilities for the above purposes. 

The Sourcebook is intended to offer ^ggestions regarding the 
possible duties, resppnsibiliti^, and activities of a supervisor. It should 
be clearly understood fhat no one person can adequately accomplish 
all that is described. However, it should a^st the supervisor in the 
selection and execution of his or her priorities which may vary from 
time-to-time and year-to-year. Further, the Sourcebook will be tiseful 
to science educators who teach supervisors, students of education, 
School administrators, and others by giving insight into the varied 
duties and responsibilities of supervisoij. 

In the last hundred years, society has become increasingly ' de- 
pendent upon science. Early empliasis was on discovery and explanation. 
By mid-century, technology seemed to dominate most school texts 
and kistruction, which resulted in a los^ of basic understanding of 
.screntific principles. The revolt against thisi condition began with 
mathc'rrtati(j-s and science teachers in the jnid-fifties and was given sharp 
impetus\by^ Sputnik and subsequent federal support. The result w^aythe 
start of thp many "alphabet" programs. In the late sixties,* a swing away 
from .science \yas due mainly to changes in social attitudes and the 
resulting blame put on science for the ills of society. These Uls were 
not so much because of science itself, but because of the desire^ for 
materialistic things made po^ble through technology without due 
regard to consequences. Recently, many institutional .progran^S' have 
been developc;d in an atp^empt-to more adequately meet the needs of 
all pupils. ^ 

Science is needed for general education in our highly developed 
technological and environmentally-minded society and for thq many 

^ " • ' ■ ■ ;/ 



pccupations that require varying amounts and kinds of ^cicntific^ 
knowledge. Science is not an isolated, intellectual study, but is a sub- 
ject that deals with concent and process and wirfi applications to' 
societal needs. Thus, it has application to and is^ involved in many 
vocations and avocations^ including res&rch scientist, teachcir, doctor, 
lawyer, |iurse, technician, forester, photographer, athlete, homcmaker,^ 
congrestanan, building custodian, plumber, carpenter and fireman. 

The pendulum is now swinging back, to varying degrees, in 
schools throughout the country. Science supervisors are in a position 
to take the leadership among fellow educators and academicians in 
■ ^ctc^rmining the long range goals for science education and their 
implementation through suitablg science programs and facilities. May 
you be ready to proceed with yigor to meet this challenge! 

. \^ 

• * ^ ' Edwin M. Smith 

Past President, NSSA 
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Rimsey^NJ. - > 

Kathryn l^I^rtman, Free-lance Science EditOTy San Francisco, Calif. 

Nyles Stauss, Assistant PrpfeSsor of Science Education^ Vtr^iia- 
Commonwealth University^ Richmond, Va% 



Factors providing stimuli for reforrm7ig the_ 
^i^h school science curriculum 

In the years following the close of World War II, both 'science and 
technology advanced rapidly — so rapidly, in fact, that a shortage, of 
scientists, technologists, and techniciajis developed. Pressure was exerted 
on the school system, particularly at the Wgh school levcf, to relieve 
the shortage , by . stimulating larger numbers of capable^ students to 
• become scientists, technologists, and technicians. The demand for this 
^pe of mmpower was one of the factors that triggered an examination 
^of and subsequent refc^m of t;he'high school science curriculum. [27] 
y/ At the same time it became apparent that the economic future 
of the United States was closely aligned witft the ability of its research 
^ 4ientists to advance knowledge and the ability of its technologists to 
be* innovative in applying knowledge.. In addition, an awaren^ grew 
that the^eScmomic well-being of a natidh'was clb.sely rclatca to the 
quality an^ extent of the educatioK'^>f its citizenry. jTiis awareness 
created a demand for better schooling and a growing pressure for 
increasii^g numbers of youth to' ittend college. Thus the economic 
well-being of the nation was another factor that provided a stimulus 
for reforming the high school curriculum. [16] 
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National security was a third factor stimulating ciirricular rcfojrm/ 
^ientific and technological advancements made during World War II, 
such 0? a sustained nuckar reaction and the development of radar, 
very likely contributed to a grovdng conviction that the development ^ 
of the untapped scientific and technological resources of a nation did 
more to ensure its s^ecurity than exf>anding its agricultiiral and manu- 
facturing industries* The importance of the concern for national 
security is evident when one realizes (hat the National Defense Act 
and the National Science Foundarion supplied the major financial 
suppon for refonning the s^rience curriculum. [27] ^ 

. ' . • . 4 

The high school science cuniculmn of the 1940s and 1950s 

By 1957. different groups of scientists had become sufficiently 
concerned about the* teaching of science ar-the high school level to 
decide that something needed to be done about 'the high school science 
curriculum. What was the high schDol science curriculum like during 
the 194O5 and the 1950s? What were the textbooks , like? Wlm was 
the laboratory acnvity4ike? ' _ 

The content of high school science textbooks was largely descrip- 
tive. Little theory had /been .included to^ make the descriptions mean- 
ingful Furthermore, some of the theory that -was included had already 
been revised or discarded by the scientific community. In chemistry . 
and physics'^extbooks, technology (applied science). had been empha- 
sized. When these boofe were revised, the latest technological develop- 
ments were added; little of the\)nt-of-date technology was removed; 
and the textbooks became not only longer bu& quite dated. [27] 

I'hc biology textbooks used .in the high scHooIs \^ere. equally as 
outdated as the chemistry ahd physics textbook"^. The content of the 
typical biology .text^ did not reject the major advances, such- as those 
in molecular ^ and environmentrfl biology, made during olie first lialf 
of the 2()th centary. Nor dii they include the topics of organic 
evolution and human reproduction. Jhf^t topics had not yet been 
accepted as suitable ones for a high school biology textbook. ' • 
* The Content-^ science textbooks was organized around a scries 
of topics. The ^organization resulted in textbooks filled with facts. 
Students wete d^ually requifcd to memorize the^e facts-^facts *hat 
were the answers to examination questions— for most test items were 
writteu oh the factual (recall) level. , ^ 

Often the content of high school science textbooks was-pi^escnted 
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to students as a body of cemih and verified knowledge. The approach 
orboth aufhors and teachers was antlhoritaflan and dogm^lSc. Scien- 
tific topics were presented without tracing their 4fvclopment, without 
giving: their current status^ and without 'sfeiring.^hat is not known 
abpift-them. Only a few capably teachers were able- to fill in these im- 
portant nii^ng gaps> of learning. [16}* , - ' ^ ' ^ 

A method f9r solving problems,- ^'the^ scientific ftiethod," was * 
included in most science textbooks, TheT#eientific mcdiod was almost 
always described as consisting of four or five ordered steps. It was 
presented, dogmatically as the procedure followed by scientists in . 
solving problems and as a way in which students could solve their 
ownprobiems. 

. Laboratory exercises were^argely confirmatory in nature; they 
were rarely investigatory. In chemistry^ for cxample^/l^e laboratory . 
work gave the students an opportunity to produce chemicals that they 
had studied in text^oofts and to observe the properties described in 
textbooks. Injjjjjj^ijiffh s(^hool biology courses there was little labora- 
tory worlj^inothcrs^\imch of the laboratory time was devoted to 
coIIectin^Ond classifying^peciniens and to dissecting preserved spcci- 
mens.>[ld|^ \ ^ 

Refonn of the high school science curriculum: 
A chrojwlogkal approach 

i . Physical Sci fncV. S itu>y Com m ii^ke ♦ 

Although concern about the science curriculum had been growing 
in the academic and industrial communities during much of the period 
following World War U, it was^not until the mid W?50s that the first 
curriculum reform committee, the Physical Science Study Committee 
(PSSC), was drgani/ed. The Committee, made up of representatives 
of four universities and one research laboratory, began discussions in 
1956 at a conference held at the Massachusetts Institute of Technology. 
This conference was led by Jerrold* R. Zachartas, an MIT physic^s 
professor. There wa$ general agreement among the committee members 
that the traditional high school physics textbook vv^as out-of-date, 
that it obscured the science of phy.|j|^ by strt^ssing teclinology, and 
that it was made up of a series of topics overloaded with facts and 
lacking unity or conceptual structure. 

The Committee decided that no amount of effort expended on 
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reyisiijg.aa existin|f textbook would make its organization acceptable^ 
to the scientific communiny. This meant that it w'oukl be necessary to 
discard' the traditional physics text and dexelop a new one, A broad 
outlino-for a new ^physics course was agreed upon before the 1956. 
conference adjourned. [ 14] > | 

. During the fali of 1956 and the winter of 1957, research physicistsi 
and physics teachers under the direction of the PSSC Steering -Com- 
mittee outlined, drafted, and discussed materials for the new coursed 
A staff of sixty people asscffibled in the summer of 1957 to continue 
work oo the material ITie majority of the staff members were high 
school and university > physics , teachers with the university people 
playuig the djoniinant role. The staff produced a preliminary version 
of the text and the laboratory' manual. These materials were taught 
in eight trial schbob in 1957-58, Feedback from the trial schools was 
used in revising the materials- i 

In 195^- Educational Services Incorporated (ESI) was formed 
to admjnister the continued development o^ the PSSC ph>^cs course. 
In 1958-59, the revised PSSC materials were tested in a larger number 
of trial schools. The procedure was repeated in the next school year, 
and in 1960 'final copy was submitted to the selected commercial 
publisher (D, C. Heath and Company). • 

To provide a valid picture of their discipline, ^thc authors of the 
PSSC physics course chost several' themes to run through the course 
and unify it. The content of the course was then developed around 
the chosen themes. In the preface of the first edition of the PSSC text. 
Dr. James R. Killian, Jr., C|:\airm2n, Board ol' Trustees of ESI, stat^ 
that this textbook is the heart of a coui^e in which physics is pre- 
sented not as a mere body of facts but-' as a continuing process by 
which people seek to undcrsti^d the' nature of the physical world.' 

Laboratory work .is an in^gral part of the PSSC course; it com- 
plements the tcx't. It is investigative and student centered in nature. 
The student makes observations and measurements; he of she collects 
and interprets data. For example, students compute the size of ;i 
molecule from their, ow n nieasutcuients of a film of oil that is one 
molecule thick. ^ 

- Just as the student's role in the laboratory of a PSSC class differs 
from the role in tlic laboratory of a traditional class, so docj? the 
teacher's role differ, llie teacher is not a director of the laboratory 
as much as an observer and a guide who usually guides by raising 
'peftincnr questions— an investigative [Process usc'd as a model in the 
development of other curriculum projects. [16] 
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.umculum Cbmgcs 

When the PSSC pitysics textbook was pybUshcd in 1960, "it was 
supported, by closely corrclate(| 'material^: a laboratory guide and a 
set 6f new and inexpensive apparattls, films, standardized tcs^, a 
growing series of paperback books, and -a comprehensive* teachcr^s 
resource^ book. A few years later, film loops Were added to this list 
of correlated"^ateriaIs. In 1965, second editions of the^ext, kbbratox;^ 
guide, «nd teacher'^ resource book were publisheo^thir'd edi^ons were 
published in 197L In 1966 tht^ Advanced^ Topics Supplement was 
f)ublished. This sjupplenieht treats selected topics in greater fdepth than 
the text and. presents additional topics as well [21] ' ^ f 




2, OikmicalBot^d Approach Proj^^ct ' ..e^i* ^— 

In June of .1957, q, gnftip of,,tugH'*^i^ 
who later became knowii as the Chi^ical Bbnd Approach (C5BA) • 
Conimittee, assembled for, the first' of a seri^ of conferences to study 
the status of tKe high school chemistry p?ogram. The members of the 
•Committee agreed that the chcmistwj^rogram at the Secondary level — 
a program that had changed JittU/siftcc 1920 — needed far more than 
■ the addition* of up-to-date t^rrminology and factual information to 
/ .present an accurate picture of; modern chemistry. Rather, it needed " 
to be reorganized and reformed. ^ O ^ 

For a chenfifstry program to give Wgh school studcrtts a realistic / 
picture of modern chemistry, the ppogtam should enable students to 
see that chcniii^ts combine experimental data they have collected in 
^ the laboratory with imaginative ideas in order to extend their under- 
standing of chemical systems. The Committee, therefore, chose to 
present thei material in the text in >such a way that it portrayed this 
relationship between e^pcrinicntnl data and theory. Furthermore, the 
I Q)nunittcc chose to construct CBA experiments in such a wa^that 
the students arc given an opportunity to apply ideas to the data they 
collccr. / 

The Conimittee chose chemical bonds as the central theme for 
organizing the content of the CBA program. Structural changes,' 
random arrangement and random motion, energy and reaction kinetics, 
are other themes running through the prbgiam. 

In the CBA program, it is rccornmcnded that the teacher introduce 
each laborat^^p^i^gxperiment with a prclab discussion and con clude it 
with a postlab discussion, in many of the experiments, all the students 
in a class pooi the data they have collected and use the pooled data 
in answering the problem posed in the experiment. All experiments 
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arc investigatory; ilone -are cpnfinnatoryXrKay--flre used to intrcduce. 
or extend a topicif/re5ented in the text. ^ . * , 

. the first trial editiof, whicli was written in 1959,' was us^d 
experimentally in^ne high sc^ls difi^ig that year. On the basis of 
feedback from teach*r§ andpstudents>.the second trial edition was 
prepared and tested in 196p4^ seventy-ax teachers in one or more 
of their classes. Further revision and testmg of the materia tbok place 
in 1961 and 1962 school years. The prograai, which was |iubiishcd 
in 1963 hy the Webste? Division, [ McGraw-Hill Bdok Company, 
inclitdes a^tudent text entitled Cfewrfca/ System, a laboratory manual 
entitled li'Aestigatrn^ Chemical Systems, and teacher's guides for text 
and laboratory manual. [14, 16] ^ 

3. C/u-.j^tiCAL Education Material S tudy * 

A committee composed of hi^h. school and college chemistry 
teachers was established in 1959 by the American Chemical Society, 
to study the traditional high schogl (Chemistry projgram and to propose 
a more suitable one. This committee 'recommended a reorganization of 
the secondary-level chen|istfy progi;am and outline^ the basic ideas 
for the Chemical Education Materia^ (CHEM) Study program.^ 

In the CHEM Study program, cqncepts are developed inductively. 
The developm^t is based on expcripen^l 4ata which students can 
cijllect in the laboratory or which they can obtain from the demon- 
strations of the te^^che^, films, or ex{?eriments described in the text. 
Furthermore, the data must be understandable to a high school 
chemistry student. Instead of the laboratory program running parallel 
^ith the text, as in the CBA program, it is an ijiEegral part of the text, 
requiring students to make certain specific observations at fixed points 
in the program so fheir observations Can be ysed in developing the 
textual material. In addition to the -experimental natihie of chemistry, 
the CHEM Study program emphasizes^structural chemistry and tc\ 
action kinetics. . ^ ^ 

The first trial edition of the CHJ^JM Study materia^ was tested 
in twenty-four high schools during the year 1960-61. The writing of 
this editioti had begun in June; 1960, The revised materials, the second 
trial edition, wprc tested in a larger number of high schools in the 
following school year: The second trial edition was revised, rewritten, 
and cxVanded into the third trial edition wliich was tested in a still 
larger numberV)f liigh schools. ■ • ^ 
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The final version of the CHEM Study materials was published 
by W. H. Freeman and Company in 1963. *The program consisted ^ 
of a text entitled Chemistry: An Experimental Science, a laboratory 
•manual entitled Chemistry: An Experimental Science Laboratory ' 
Maj^ml, teacher's guides for text and laboratory manuals, open-book 
achievement tests, films, and programmed scquenses. Also produced 
were t\vo inservice training films for teachers and tx^^enty^six films for 
use inlhe ciassroor^i, ' , ' • ■ ' 

When it came ti|ne to revise the CHEM Study text and laboratory 
manual, the CHEM Study Steering Committee invieed coipmercial 
publishers to submit proposals for revising the materials and seven 
publishers did so. The Steering Committee selected three publishers 
to develop revisions based on their proposals. The companies granted 
revisiqn rights were & C. Heath and Company, Houghton-Mifflin 
Company, and Prentice-Hall, Inc. [16, 27] 



, SoENCES Curriculum Study 

secured financial support in late 1958 from the National 
_ _ indation (NSF)^r a curriculum study in biology, the 
Anjerican Institute of Biological Sciences organized the Biological 
Sciences Curriculum Study (BSCS). Headquarters for BSCS were 
set up at the University of Colorado, and a Steering Comtnittee was - 
created to provide guidanceon matters of policy. 

Early Jn the discussions held, by the Steering Cotnmittee, the 
'membeij^' of' the Committee ^ecanie convinced that many biology 
students did not hav^'ac opportunity to understand the true nature of 
science liccause they \m^in biology programs written by authors 
and taught by teat hers who presented the subject in aiv, authoritarian 
and dogn^atic manner. Because the Steering Committee opposed 
authoritarian teaching of science and- because it felt that. there was 
no one right way to present 'the science ^of biology, the Committee 
decided that BSCS should develop three different versions of a tenth- 
grade biology text. Much fof the material in each of them would be 
the sariTe. However, a different approach a|id a Sifferent organization 
would be used for each version. > ^ 

Accordingly, the seventy participants in the 1960 writing con- 
ferenc^e were divided into three-wViting teams. One taam was to build 
its version (blue) upon the area of molecular biology j one was to use 
* the area of cellular biology (yellow version); and orfe was to use the 
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area of ecology (green ^vcrfsion). Each team v{a^ charged with the 
responsibility 'of pxt)5iucing a text, laboratory manual, and teacher's 
guide for tyP^^i stuBents in a tenth-grade biology course in an 
American high school. - ^ • 

Furthermore, mn€ Unifying themes w^ere chosen to be woven 
through each of the versions. The individiial themes could be used in 
various ways and in varying degrees in thl| three versions. The nine 
themes are science as investigation and inquiry, th^histofy q{ biological / 
concepts, complementarity ol smictm;c and /unction,*^ diversity of type 
and unity of pattern, cl^nge of or^msnis through time, genetic coii-^ 
tinuity,"ctimplenYentarity of the organism and its envirot;ir|ient, reguk-. 
uon and homeostasis, and the biological basis of benavior, " * 

Through extensive use of inquiry, students would be given numer- 
ous opportunities to collect and to interpret data, the conviction being 
that a student would gain an understanding of the nature of spence 
by participating in science. ^ ^ 

The beginning sections of the first trial edition of each of the 
three versions were ready for distribution at the briefing session held 
in August for the 105 teachers chosen to test the materials ii| the 1960 
school year. Each of the teachers had agreed to . participate • in the 
activities of one of the fifteen different centers scattered throughout 
the United States. All of the teachers affiliated With any one center 
were to teach the same version. ' * 

During the scho^^ year, the teachers in a center met weekly to 
compare their experiences, to compile a report for the BSCS office, 
and to discuss (usually y/kh a nearby univcrs^ity professor present as a 
C^onsultant) the materials and ways to prfsent them effectively. The 
centers were the means for providing BSCS wit}> valuable feedback 
and the teachers with an inscrvice training program. 

At a second writing conference, held in the summer of-^lP^^l, the 
second trial editions of the thiTee versions were prepared. These were 
tested in the school year of 1961. The testing program continued 
through the 1962 schoo|^year. 

^ Manuscript for the commerciaV edition of the three versions was 
written during the summer of 1962 and during-^the 1962 school year. 
All three versions were available for use in the school year 1963. Each 
carried a 1963 copyright date/ The blue version was entitled Biological 
Science: Molecules to Man (Houghton-Mifflin Company); the yellow, 
Biological Science: An Inquiry jfito Life (Harcourt Eraoi Jovanorich, 
Inc.)i and the green, H/gfe School Riology: BSCS Green VersionH^K'.\nd 
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McNally and Company). Student materials for each version^ incl\Wed% 
■both text anfi labotatory experiments, bound together or scparaijely, 
but sold orlly in sets. Material to aid the teacher in presenting thi 
program is available for each version as. are a scries of tests for each 
version. In additiqh, BSCS produced the Biology Teachefs Handbook 
for: use \vith ail three versions. The Handbook contains a statement of 
the philosophy Qf BSCS and an account of its history, as well as othcf 
general information. Thysecond edition of the handbook w^as puV 
lished in 1970. ^ ^' ^ 

The second commercial edition of eaCrh version was published in 
196S. In both the Llue and the gteen revisions, the experiments were 
written into the text. In the b^ck of the blue revision there were, also,, 
twenty additional i'nvostig^rions. BSCS again revi^sed all editions by 
1973, All editions, nowvhav^ the laboratory activities integrated into 
Che^text, , 

Ancillary materials developed under the auspices of BSCS include- 
a serifs of laboratory blocks, each of which is a six-weeks in-depth 
study of one topic; a series of single topic inquiry films, each of which 
is four minutes in length. and presents several biological problems; 
four volumes entitled Resectrch Problems in Biology, each volume 
containing forty unsolved problems in biological science that would 
be sui^iblc for a highly motivated student to investigate; and a series 
of twenty-four pamphlets, each devoted to a single biological topic 
and published individually ovdr a period of three years from 1962 to 
I965.^n January 1970, an inquiry-orientcd'slidc program was published. 

By the summer of 1970, five of eight pamphlets' had been published 
in a scries entitled BSCS J^atterns of Life Series, and tlirec of a pro- 
jectcd scries of forty boqks had been published! JThe three books are 
part of a ^^vics entitled BS(^S Sdience and Society Series. The hooks 
in <:his scries arc on topics of interest to. a lar^e segment of society and 
are written for the layperson. _ 

Following procedures similar to those used for developing tht 
three basic versions, BSCS has developed a second level course for 
high school students entitled Biological Science: Interaction of Experi-- 
ments and Ideas (Prentice-Hall, Inc.) and a course for academically 
disadvantaged high school students. Biological Science:: Patterns- and 
Processes (Holt, Rinehart, and Winston, Inc.). BSCS has ^\so developed 
two sets of materials for mentally handicapped students*.; 

BSCS has given free pemiission for use^of its materials to teams 
of biologists and educators abfoad if they will acjapt the materials to 
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their own bialogical environment, their own culture, ai/d their own 
.educational organization. Adaptations of BSCS materials have been 
prdduced in more tijan fifty, countries and in twenty langtaages. ^ 

BSCS decided that a*'^curriculuni study group should remain in 
continuous existence insfeadiof phasing out, as ha,d several of the'fetudy 
groups. The -National Science Foundation, iht major source of funds • 
for producing BSCS materials, felt its responsibility to science educa- 
tion did not include indefinite support of an organization such 'as 
BSCS. BSCS^nd NSF agreed upon a plah by w^iich NSF funding was 
reduced and NSF gradually terminated its intere^ in BSCS materials. 
The royalties BSCS received from the distribution of its materials has 
enabled it to convert from a foundation-sponsored project to a non- 
profit educational corporation. [3, 16, 22 ] 



5. Earth Scienck Curriculum Project ^ 

Following preliminary study, the Eanh Science Curriculum 
Project (ESCP), sponsored by the American Geological Institute 
(AG!) and financed by NSF,' held a conference in the summer of 
1963. The conferees were s^tm^fists from the various fields of eartfi 
science and science educatoj^Thcir task was to prepare 'an outline 
for a ninth-grade earth scioficc program. ' - g 

The first writing conference was held inkftic summer of 1964 
and the materials producea at .the conference wore tested the follow- 
ing school year. The material^ were rct^iscd di|ring the summer of 
1965 and were tested during the 1965-66 school year. Manuscript for 
the , third, and final versierh, the commercial version^ was prepared > 
rfuring the spring and^nmer of 1966, llie text entitled Investigating 
the Earth, and the tocher's guidc^ were published under^a 1967 copy- 
right by Houghton-Mifflin and revised in 1972. ' 

Additional resource materia! for the tcachc^ includes the Geology 
and Earth Sciences Sourcebook for Elcificntary and Secondary Schools 
produced by AGl prior to the establishment'^ of ESCP; a Reference 
f Series o{ pamphlets presenting the various kind<|of resource-assiStancc 

^ availajdk; to earth science teachers; and three of ai»eries of field study 

. guides. ^ 

^ 'Investigating //^ Earth is an interdisciplinary science text. Material 
from the fields of astronomy, geology; geography, oceanography, and 
, meteorology is^ included, as is material from the fields of geochemistry, 
geophysics, and space physics. In addition, rftateriai from the areas of 
biology, chemistry, mathematics, and physics is used as. needed. 
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^eWioi'^l themes, concept themes, an^^n historical themc^ve ^ 
been woven through bwe^tigaWig the Eartfj^ . * • * ^ ' * 

. Xhe behavioral therms define ^titudes and abilities that the student 
should develop* as a result of the /okirse. The conceptual themes! relate 
prmtfrily to the major principles imd^lylng earth scienc(f;'tljey ,are*^ 
content the<f}tes fhe stiident should come to understand. The b^oricnh^'^ 
' thetne ei^phasizes the development of earth spence. [IV] » * , 

Thf behavioral thtmes (can also be called procScsses'or mtcllf cttial - 
skills) arc science afT iniquiry, cornprcKension of scale, and prc^liotion. 
TJjie conceptual schemes are universality -of change, flow of ene|^, 
the universe, adjusnnent to enyironniental change, conservation of 
mass and -energy* in the linivei^, eart|j systems in, space aa3 timfe, and 
uniformity of process: -a* key to interpreting the past, ^he historical 
theme is stated ate historical developfnen^ and present^ion. 

The- laboratory Snvestigations are integrated into the text. Th^jy 
a^p designjed to^give the student opportunities to be a^thinker, aq^ 
.^^novator, an inquirer, and a discoverer. In some of the investigations,', 
'students lise the natural world directly; in others, they use labargtory 
equipment and instruments (kits are available for purchase that corre- 
late with'rhe laboratory activities); and in still others, they us^ modfels 
,and/()r'data that are provided, . 

On April ^1, 1970, major federal funding of -JESCP was termmkcd. 
' However, sufficient funds have been provided to finance the cqmplctron 
of a pamphjet series, a reference scries, and a friiji scries, and to finanofi 
for a limited tiniQ ;thc continfiation^of certain^-'scrvlcts/ such , as filling 
requests , Cor information and free materials. - ^ • ' * 

Feeliitg,that the task nssigni\d to ESCP— improvement of education . 
in the cnrth sciencesvhad just begun, AGI in conjunction with the 
F^CP stafT stai:te4 two nibre programs, the Farth Science Teacher 
Preparation Project (ES'PfM^) and the Fnvironmental Studies I^ojcct 
(FS)/Both were charged with the task^^f improving edu^ibn in 
earth sciences. FvSl'PIyconcentratcd its efforts on the prcservic? edu- 
cation of eartli science teachers. ES, recognizing that every studertt is 
in an environment, believed every student pin learn from that environ- 
ment, l^hereforc.in FS materials, three environments were considered: 
the inner environment of the studertt, the studc^it's immediate environ- 
ment, and global environment. ES has concentrated on publishing 
task cards in these areas for individual use by the student. 

-In 1973, the projbct, under the name. of Egrth Science Educational 
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Ppgram, mo.ved its headfluarters from the University of Colorado at,^. 
Boulder to'f^vergreen College, Olympi:^ Washii\gtpa. [14, 16,. 27] . 

6. Harvard pRoj^r Pm'sics 

In 1962 Jame^^^uthcrford, a high school physics teacher (now 
i^jaifman of the Science Education Department of New York Uni- * 
vcrsity and past president of the National Science jeachers Associ- 
ation), invited Gerald «oltoil, a physicist'at Harvard University, and 
Fletcher Watson, a science ediKator at Harvard University, to join- 
him in developing a new high school physics course. Guided by rfie 
story line and the objectives of Holton's college text, Introduction to 
Concepts and theories in Physical Science, xht collaborators prepared 
a course outline and some instructional majrerials. They secured fund- ^ 
ing from the Carnegie Corporation to field test the materials. The 
succe^ful field test of the materials and the *fnterest of the NSF in 
the financing of the development of ai^cr high school (ehysics 
course were among the stimuli that triiggei;ed the forntation of Harvard 
Project Physics (HPP) in 1964. The three collaborators became the 
directors of thj^project. . ' 

K In certain aspects, Froject Fhysics differs markedly from the high 
jjthool science courses developed by other study groups; howcv*; 
the procedures used for developing the course were similar to thoSe 
used by other Study groups. 

The directors chose to develop a course in which ph>'sics is 
depicted in its historical and cultural setting. TTiey, also,. ?hQSfc ta 
develop a physics course, that would be attractive to a large number 
of high school students. The- directors assumed that students wiH differ 
in learning skills and capabilities. .Tliey, also, assumed high school 
physics teachers- will differ in training, in philosophy of science edu- 
cation, and in style of teaching. To- accommodate for these differences, 
the directors chose a multi-media program. 

Student materials for Project Physics include a text, liandbooks, 
laboratory ccjdipment, programmed instruction, booklets, tests, film 
. loops, films, overhead transparencies, and books of selected readings. 
The text, consisting of six units," is a ^^tcmatic^i^e for the student. 
It is needed to teach the course, but the course cannot be properly 
taught using only the text. At the end of each unit is a study guide 
containing many different kinds of items from which students can 
choose those that will be most htlpful to them in learning physics. 
There is a handbook for each unit which contains the experiments, 
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idditionai activities or investigations students may do on their -own, 
and notes on the film loops. ' '^^ < ' - 

* HPP developed foity-^ght film lodps. In the 'majority Qf these, 

V ^ ' students have to take data Jrom the pro5ec?ied images as they view them - 
and then analyze, the data. In addition, HPP has produced three, sound 
filn;§. Each of these films accurately portrays spme of the- social, cui- * • 
turaU psychological, and historicat^Bpects of scientific worb 
* ^ Teacher materials for Project Physics include a teacher r^urcc ' 

^ book and teacher briefing films. The teacher t>ricfing films, of which 

there are twenty-one, portray mdff^ods and styles of teaching Project 
Physks in addmon to the management of equipment HPP do« not 
intend for these fikris to substitute for teacher training institutes. [16, 24] 
A secfapd^ edition of Project Phymy wss published in 1975. 

7, EXGTNEERING CON^PTS CXiRRTCULUM pROJECT * 

J'he Man-Made Worli was develo^^d the Engineering Con- 
cepts Curriculum Project (ECCP) based at the Polytechnic Institute of 
Brooklyn, The program consists of a textbook, laboratory manual, and ' ^ 
teacher's manual Basic contributions to the te;»ctbook and laboratory 
mar^ were niadfe by 'scientists aqd engineers ^rom Bell Telephone • 
^'^taboratorics, International Business Machine? Corporation, the Johns 
Hopkins University, Massachusetts Institute of Technology, Purdue 
University, and the Polytechnic Institute of Brooklyn. The teacher's 
manual was prepared by a group of high school teachers in consulta- 
tion with the authors of the text and l^^oratory manuaj, 
• ^ The material was tested in twenty-eight |ugh schoofe in the school 
\ year of 1966. In the following %:ht>9^1 y(^r, it was tested in sixty-tliree. 
schools. Further testing was conducted 'in rfie school year of 1968-^ 
Commercial publicarions (McGraw-Hill I^rk)k Company) of part of 
the program carry a 1968 copyright date; others carry a* 1969 date, 
. A second edition was published in* 19|(1. From the evaluation program 
conductec! by the staff of ECCP, the staff has concluded that students 
in grades 10, 11, and 12 should be able to understand the concepts in 
the course, tfiat two years of mathematics is an adequate prerequisite 
for the course, and that boys and girls can do equally as well in the 
, . course if they have the same academic capabilities. 

The developers of The Mm-Made World have chosen to present 
relevant problems — problems relevant \o the technological worW in 
which humans live today, such as r6a|ing a police car througn city 
sfrects. The problem is studied first; then the system for solving the 
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problem is presented; and finally the principle on which the sy^em 
is based is introduced. Hopefully the course will-^h^lp a student to 
understand' how man-made cfevices can be used to serve humans and 
how technology can be used to solve sQjne-^ today's mogt pressing 
social problmis. 

When commercial publishers of science textbooks yidely used 
ia the 1950s revised these textbooks in the 1960s an^ 70s, they^in- 
corporated into their books^ usually in modified form, some of the - 
feature^, introduced into oT stressed in science ^programs develo^ped 
by th% curriculum reform groups. [16, 24] 

Reform of the elementary and junior high school science currictda 

. The typical elementary science series on the marld^ in the l$50s 
had been constructed by 'selecting a set of science topics thought to 
be suitable for children and developing the topics on thef^b^is of either 
the "spiral" or *'block" approach. Experiments includjcd in the text- 
books were frequently activities, such as constructing a compass or 
making an electric motor. Although most children enjoyed doing the. 
activities, scientists felt that the^ activities had little relation to what 
scientists actually do. - 

As th^igh school science courses being developed began to meet 
with success in the trial schools, concern grew over the elementary 
school and junior high school science curricula. In 1960 the American 

"^Association for the Advancement of Science (AAAS), with financial 
suppprt from the" National Science Foundation, sponsored three re- 

' gional conferences tO determine whether the nation should unaeixakc 
a major effort to improve the elementary school science curriculum. 
The' membership of each conference included teachers, school ad- 
ministrators, science educators, and scientists. ^ 

i 

* The conferences reached the follou:ing conclusio7is: Instruction 

in science should he a regidar part of the^curricidum from kindergarten 
to ^ade nine Jand^ beyond, but the conference considered only these 
grades), a major effort should be t4?jd^taken, and this effort should 
involve rmproving both course materials\'nd classroom teachifig. [17] 

The participants a^cd that science, 'deluding its concepts and 
methods of inquiry, could be taught to children in ivays that are con- 
sistent ^ith the meaning and spirit of modem science. [20] 
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Aniong the groups set up to dcvdop elementary science mat»fials 

were the Commission on Science Education, established in May >96^ 
by AAAS and.the School Cuiticulum Improvement Study (SCIS), 
established in the winter of 1962 by Rdbcrt Karplus, a professor of 
thcoreticad physics at rfie University of .California *in Berkley. xKe 
Elementar^^-Science Study (^SS) had been launched in' 1960 by ESI, 
which had expanded since its establishment in 1958 into areas of subject^ 
matter other than high school ph>^ics. The ^rk of each of these 
study groups-, as ^well as the work of another elementary science 
^oject, and the work of six ^junior high school curriculum ^projects 
are briefly described in theVemainder 6f this sectipn- [20, 27] 



1. Elementary SciE^^CE Projects: 

A. Comrmssion on Science Education. Under the direction of 
the Commission on Science Education, scientists science educators, 
and teachers developed Science — A Process Approach APA), a 
science program for kindergarten through, grade 6. The primary goal 
of the program is for childrq^i to become skilled in using the processes 
considered to be fundamental to all scin*ees- 

In kindergarten through grade 3, the children work with eight 
basic pr(5ces^es: observing, classifying, measuring, communicating, in- 
ferring, predicting, using spaoe/tinie relations, and using numbers. 
In grades emphasis is placed upon five integrated, processes that 
are rooted in the basic processes: forniuiatij&g hypotheses, comxolling 
variables, interpreting data, defining operationally, and experimenting. 
Because the-ftbiUty to use the processes of science js the primary 
goal of the pi?ogram,Tarely are children asked to Icam particular facts 
or principles, \Rather, they are expected to learn such, things as how to 
observe sSolid objects and their movements and how to classify liquids. 
The content serves as the vehicle for teaching the processes. The distri- 
bution of content chosen from the various fields of science is as 
follows: physical sciences, 40 percent; lifd sciences, 25 percent; mathe- 
matics, 18 percent; earth scieaces, 10 percent; and social and be- 
havioral sciences, 7 percent. 

The processes may be considered intellectual skills. The develop- 
ment of an intellectual skill is from the concrete and specific to the 
bsti^'t and general. T^his progression is thought to dep«*id upon the 
accumulated effects of learning a considerable variety of relatively 



concrete principles. 
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J., According to Robert Gagn^ the American psychologist who 
identified the pwce^ caught ivi Sdence—A Process Approach, each 
»' process consists of a hierarchy of su^skilk and no suhskiU 'can be . 
^ learned effectively until those below it in the fiienirchy. have been 
nlastercd. Accordingly, a hierarchy subsldils was built for each of 
the processes. Th^^Kkrarchics form the framework of Science — 
f Process Approach ana^he- rationale for selecting artj^rdcring the 

* * s^Quence of exercises njaking tip th6 progroiru 

No student text was written for n«s program. Instead, the 




/ exercises, which make up the teacher's guide^ were^ritten as instruc- 
tions for the teacher. A special effort was made during the trial period 
to control/he difficulty of the exercises. The, aim of the project was 
"^tKiiL^O p9fcent of the students should achieve ^ percent of th6 stated 
objectives. Appraisals, whidv aYe buik into each of the exercises, are 
based on. th^ behavioral objectives stated in the exercise and may be 
used by the teacher to measure the achievement of students. 

Much effort has been expended by the project in teacher itrepara- ' 
tioa Most elementary tcadicrs need training in the processes of scifcncc^ 
ifcityxcc content, and techniques fpr teaching^ the program. The com- 
mercial publisherof S— APA is Ginn and Company, Xerox Educational 
Division. [20, 23] 

A revision of Science— A Process Approach has been completed 
(Ginaand Stempany, 1974). S— APA II, as it Is designated, continues 
the emphasis on the proce^es of science. The program format has 
been altered to a modular format. These modules carry no grade 
level designation, If the program is begun in the kindergarten, then 
12-15 modules. are normally recommended per year. The total pro- 
gram is constituted of 105 modules, l^he contents of each module are 
stored in a labeled drawer. Clusters of modules 2fc package * in a 
^SModpod;' ^ 

S— APA II, according to the publisher, offers greater choice of 
content and greater sequence planning flexibility. While over-all topics^ 
♦and acti^vitie^ have undergone change, behavioral o'bjectives have not 
The roi^iscd program also offers more opportunity for self-teaching 
and individtialization, The program is available as a total system, by 
grade-level sets, by learning clusters, or by individual modules, thus 
offering greater flexibility^ --^ 

B. Scie72ce Currrcidimi hnproveynent Study.'* Tlte Science Cur- 
riculum Improvement Study (SCIS) project^ located at The University 
of California.* Uwrcn^e Hall of Science, has developed sequential, 
but ungraded, physical^ science and life science units for use in an 
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elementary science program for kindergarten through grade 6. Each 
unit consists of a teacher's guide, a Vit of materials, and usually, a 
student booklet. SCIS believes that "the .early years of school should 
provide a highly, diversified program, based heavily on concrete ex- 
periences' and that "the concrete experiences .must be presented in a 
content that hfilps to build a conceptual framevi^ork for operations 
with abstractions/' SCIS also believes that "to be able to use informa- 
tion obtained by 'others, to benefit from th^ reading of textbooks and 
other references that present informatidn in abstract form, the indi- 
vidual must have a conceptual sfructure and a meajns of communication 
that i^nable him to interpret the information as though he had obtained 
it himself/' SCIS calls "this functional understanding of scientific 
concepts ^scientific literacy."* [20] SCIS sees scientific literacy as its 
basic goal. To attain this goal*SCIS blends content, process, and atti- 
tude in its units. Attitude is considered to be the development of ^ 
free and positive approach toward science. 

The content is built around major scientific concepts with inter- ' 
action serving as the pivotal concept, t'our major scientific concepts-^ 
matter, energy, organism, and ecosystem — are used to give depth to 
the concept of interaction. , ' 

SCIS has singied>out four analytical tools (process-oriented con- 
cepts) as being basic to the ability to pose and interpret problems in 
scientific investigations. They are: property — to be used*by a child 
to describe an object or a concept; reference frame — to show a child 
the rcbtivit)' of all properties to each other and. to demonstrate that 
more than onq description , or viewpoint;' may be correct; sys^m — to 
help a child isolate related objects of interest and thereby to "pinpoint 
where interaction occurs; and scientific model {a mental image of a 
real system) — to lead a cliild from evidence of an interaction to a^ 
hypothesized explanation of the parts of the system. The scientific 
and the pr^cc^s-oricnted concepts and the physical and intellectual 
involvement of a child in his or her environment constitute the frame- 
work upon which the SCIS prograrr; is built. 

In addition, SCIS structured th? program on the levels related to 
three of the four developmental stages of a child's thinking, as de- 
scribed in the work of Jftih Piagct, a Swiss cpistcmologist. Hie first 
level involves a child's transition from the preoperational to the 
concrete operational stage. 1 he second level is the concrete operational 
stage. The third level involves a child's transition from the concrete 
operational stagc^to the stage of formal reasoning. 

A teacher of a SCIS unit plays two roles. When he or she is intro- 
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ducing a concept, he or she directs the cla^. When the students are 
working- individually or in small groups on their own experiments, 
the teacher serves as an observer who listens to each cnild and notices 
how well they are progressing in an *mv^tigation and as a guide who 
leads them to see the relationship of their fin(fings to the scientrffec 
concepts. Thte commers^ publisher of SCIS is the Rfnd McNally 
Company. [2Q1 - * 

SCIS has successfully adapted many of its units for use by blind 
students. In addition,, the Lawrenee Hall of Science has developed a 
program entitled Outdoor Biology histnictiomi Strategies fOBIS). 
OBIS consists of a series of individualized modules in outdoor edu- 
cation for middie-gxade students. 

C. Element or y Science Study. The -Elementary Science Study 
(ESS) project developed investigative^ open-ended units for kinder- • 
garten through grade 8. A scho'ol may use ESS units to supplement 
its science prograTh, or it may biiild its basic science program from . 
FSS unia>. ESS has not planned its units sequentially- Rather it takes ^ 
the position that a school should work out its own s^uence based ^ 
on its own objectives. 

The units tend fo be very flexible. They can be used for varying, 
lengths of time and in a range of grades. Several units Ifcnd themselves 
to application in social studies and mathematics as well as science. 

There is a teacher's guide for each unit, but there are no student 
. texts. For most units there \% a package of materials and/or a class kit 
for 30 students, or.a teacher kit and a student kit for^6 students. Some 
units contain only a- teacher's guide. These guides suggest ^student 
activities utilizing common materials that can be obtained locally. For 
; certain units there are also student sheets, sets of illustrations, or work- 
sheets. Film loops and 'some I6-mni films 'have been produced to 
accompany certain units. ESS units are not based on a Specific theory 
of how children learn, or on the logical structure of a discipline, or on - 
any societal need. Instead, has used student involvement as the^' 
^ basis for its units. Whether or not a studeat will become involved in 

an ESS unit is determined to a large-cixtcnt-by how children respond 
to the materia! during the developmental stage yf the unit. In ESS 
units, a child works with, things, for ESS feels that things encourage 
children to ask (questions and ta find their own answers to their ques- 
tions. ESS also tries to create situations in which children need to 
talk to each other. 

A teacher of an ESS unit must believe that children learn best . 
from their own activity, l^h^ teacher serves as a consultant and as a 
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guide, doing those things for children that they cannfat do for 
themselves. 

ESS rrfaterials are being published by the Webster Division of 
McGraw-Hill Book Company. [23] Currently the publisher is re- 
editfng jx)rtions of certain teacher's guid^ adding insights on classrpom 
management and methodology. In addition, som^ new units are being 
produced by the publisher along the ESS format. 

D. Co7iceptmlly Oriented Program in Elementary Science. The 
Conceptually Oriented Program in Elementary Science (COPES) 
project, based .at New York University, began in the- middle 1960s as 
a pilot study.foi' investigating the feasibility of constructing elementary 
science materials around a conceptual scheme, Tlie principle of the 
conservation of energy was the scheme used in the pilot study. With 
the success of this study, C0M5 began the development of an ele- 
mentary sfcience program foj kindergarten through grade 6, based on 
conceptual schemes. . 

In the material for kindergarten through grade 2, COPES developed 
seven introductory concepts. Each concept is related to one of three 
fundamental ideas: Descriptions of Matter Snd Energy, <^citt€T and 
Energy Interactions, and Variability. For example, the introductory 
concept, "all objects can be characterized either as living or nonli^g/* 
is related to the fundamental idea listed first. 

The introductory conce{i)ts aro barfc to the development of the 
conceptual schemes. In addition, nine skills selected for development 
throughout the scven-yt^ar curriculum are all introduced at the K-2 
level. The skills are: apatyeing, clasj?ifying, communicating, ; experi- 
menting, interpreting, mathematical reasoning, measuring, observing, 
and predicting. 

Five interrelated conceptual schemes form the core of the program 
for grades }-6. They are: the' structural units of the universe, inter- 
action and change, the conservation of energy, the degradation of 
energy, and the statistical view of nature. COPES believes that long 
after students have forgotten .the facts th^ry have ieaxned, they will 
remember the conceptual scheijies afid will retain some feeling for the 
nature of science. Equipment for the program is inexpensive, and 
teacher's guides for K-6 are available from COPES,. New York Uni- 
versity. [ 10, 23 ] 

«i 

2.' MioDLK ScHcx)!./ Junior High Sa^ooL Sciencp: pROjEcrs: 

A. Introductory Physical Science. By 1965 it had become ap- 
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parent that many of the high school ^dent^s etux)lled in PSSC physi^ 
and in trial cla^ of CBA or CHEM Study chemistry lacked the 
intellectual and/or the mathematical skills required for satisfactory 
performance in tl^se cours«r^^rimarily to eliminate the dei^^endes, a 
junior high school physical science course, IntroSuctory Physicd 
Science (IPS), was develo|>ed in much the same way as the PSSC 
program had been deyel^i^ied^ A group of sdentists ^nd sdence teachers 
wrote, tested, and then revised the material Fdiir years later it was 
' published by a commercial publisher. Uri Haber-Schaim, a physicist 
on the staff of Educational Services Inc^rjKjratcd (ESI), guided its 
development. 

The IPS ^urse is laboratory-oriented with the investigations 
written into the textbook. Tfie investigations wcye designed so that 
they can be performed in a classroom equipped ^'wirfi flat-to^*desks 
and a »nk. The student's laboratoiy notebook is a wirc^bound book 
of blank sheets of quadrille paper. Because numbers of teachers found^ 
that their students needed guidance, a notebool^ontaining instructiotis' 
has been published independently of thc^ program. - ^ 

As in CBA chemistry, a story line runs thrbu^ the IPS coui:se. 
In IPS students first investi^te mass, one of t^e properties of matter. 
.This investigaoon pavcs-the yv^ay for them to invcsti^te a^^secqnd 
property of matter. Tras process is continued until" students . have 
worked their way through a series of investigations on the properties 
of inattcr and have acquired sufficient background to be introduced to 
the atomit model. 

The xoiuise v/as designed both for those students who pllfa to 
take biology, chemistry, and/or physics, -and those who plan to ^ke 
only biology. It is Usually taught in either the eighth or ninth grade; 
however, some schools use^n^ as a terminal science course in thc^ 
senior high school. The program is published by Prcntice-H^U, 
Inc. [16,27] ^ 

B. Physical Science 11. In 1967, ESI merged with the Institute 
for Educational Innovation (lEI) to form [educational Development 
Center,. Incorporated (EDC). EDC is one t)f the twenty regional 
laboratories authorized in the Elcmcntafy and Secondary Education 
Act of 1965. 

Under Jhe direction of Uri Haber-Schaim of EDC, a second 
course in pnysical science entitled Physical Science II (PS II) was 
developed. It is designed as a sequel to IPS and is intended for hjgh 
school students who have taken the IPS course?^ * 

Two major topics were trhoscn for the PS II course. One topic 
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deals with some of the fuadamcntals of the chcmiOTy and physics 
of electric charge, the other with forms of energy and conservation of 
energy. The story Imc of the PS H course is Imilt on these topics and 
is a continuation of the story line of tl^s IPS c^^ijrsc* . * 

The dcveloj^xs of the PS II course realize^^I^t a two-yeir. sequence 
of physical science is not now part of the standard silence curriculum 
ia American schcKjls, They l)clicvc however, thar the baas for our 
present sequence of high school science courses is; no longer valid. 
They seethe IPS-PS II combbiation as possibk foundation for several 
sequences, ranging from IPS, PS 11^ and biology, to IPS, pS H, physics 
and/or chemistry^ iiology, and a second y<^' of biology or earth 
science. [23] ^ ' 

C Tme, Space, and MUtter. Ttie |uniof high school science 
program entitled Thne^ Space^ and Matter had ijs origin in the summer ' 
of 1962 during the Elementary Science Summer Study session con- 
ducted by Educatiorial Services Incorporated, The project was trans- 
ferred to Princeton University in April'' 196 J and Was named the 
Secondary School Science Project. In 1968, the project became affili- 
ated with Rutgers, The Stat? University of New Jerky, 

Time, Space, and Matter is made up of nine interrelated xnvesti^- 
tions that have been designed to enable the student to learn j^me- 
thing about the nature and history^ of the physipal world through 
direct observationjond inference. A stdry line built around the themes 
of rime, space, a^d matt^providcs continuity from one investigation 
to the next 'and incorporates material into the course from the disci- 
plines of astronomy, chemistry, g^Iogy, mathematics and physics.- 

Each teacher folio, one for each ihvestigation, contains an over- 
view of the invcsri'gation, a list ^{ the basic ideas that the investigation 
is designed to present, a list of equipment and supplier, suggestions for 
the allocation of time, and irlsthictions for pr^enting the investigation. 
Stuc|ents record theft* observations and their interpretation of their 
observations in a record book, originally a book of blank pages. As 
they make subsequent X)bservations and interpretations, they^ refine 
what they h^ve written. They CQijj^nue to use the knowledge and 
skills they have acquired in successive investigations. The dpursc is. 
designed in this way so that students experii^ce the investigative nature 
of science and learn to think of science as an ongoing activit>\ 

For each JalK)ratory investigation there is a student investigation 
book « and special equipment and supplies. The investigation book 
provides a source of observations that students* would not ordinarily 
be^ able- to 'mjike themselves. Furthermore, the student may refer to 
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the Science Reading Scries. Some of the books in the series provide 
accounts of important observations, interpretations, and e3cperini«its 
in the words of the people who made thcni; other books provide 
background material. Each of the books is correlated with an in- 
v^tigatjon. ^ 

The teacher acts as a guide and as an active collaborator with 
the students. To play this tole, he or she umt understand the und^- 
Ijdng philosophy of the course and bc^|aniiiiar with the sequence of 
the inv^gations and the laboratory procedural Ev^ though the 
teacher folios were developed to assist the tocher in presenting Tftte, 
SpacCj and Matter, it is strongly recommended that teachers i^cnd a 
training program specially designed for those who plan to teach the 
course for the fira time. 

It is unlikely that any cla^ can cover in one year all the material 
outlined in the teacher folios. Each teacher will ba^c to make a 
number of Choices, and in so doing it is hoped that he or she will 
develop the curriculum best suited for fulfilling his or her objectives, 
A teacher may choose to stress certain invc^gations or to teach one 
of 'several series of investigations that form a logical^ sclf-conuined 
sequence, [17] 

D: The llniversity of Illinois Elementary School Scienqe Project. 
The program, written' by professional astronomers^ and educators, is 

4>a§ed on more than six years of classroom experimentation^ It is inter- 
disciplinar>% drawdng upon- mathematics, phyvic^ geophysics, and 
physical chemistry to develop understandings basic to astronomy. The 

. program introduces ph>^c^ principles that are applicable to the study 
of astronomy and emphasizes how astronomers have usejd th^ phya- 
cal principles and their observations of cel^ial bodies to build con- 
ceptual schemes. 

,The Elementary School Science Project Consists of six sequential 
and progressively more difficult 4>ooks in astronomy. The books may 
be correlated with iny basic science series in grades 5-9, or the six 
books may be used as^ year course in astronomy at the junior high 

^hool level [23] ' - ' . 

E. Interaction Science Curriculum Project. After extensive class- 
room testing over a thr^e-year period, Interaction of Matter & Energy 
(IME), a physical science prog^^ forbade 8 or 9, was published in 

« 1968 by Rand McNally and Compahy. It was the first of a series of 
three junior high school courses to be developed by a commercial 
publislier using the procedure followed by the federally financed 
projects. The authors; working together as a writing team, pSrepared 
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experimental editions which were used in classxooms throughout the 
country. Based on feedback gadicrcd during tl^ trial period, the cx- 
j^imental materials wire revised for publicadbn, ^ 

IME was d^gncd to articulate between the elementary aiid 
secondary school science programs developed by federally financed^ 
study groups. It provides the student with opiK)rtuititics tq develop 
^Sntific skills and atdjiudes. In the laboratory^ studmts conduct 
investigations, Icamiiig to collect and intctoret their own' experimental 
data and to construct generaUziations frOm their interpretations; A 
teacher's edition and achicvenient tests accompany the student edition. 

The Interaction Science Gurriculum Project has completed a 
secon^^d a third course for its junior high school^^^cries; interaction 
of Mm & the Biosphere (1MB) was published in IPT^wid Interaction • 
of Eatth and Time (lET) w^ published in 1972/ [ITf ' ' 

F. Intermediate Science Qurricidtim Study. Probivg the Natural 
World is the title of the laboratory-centered junior high science pro- 
gram developed by the Intermediate Science Curriculum Study (JSCS) 
of The Florida State University. ISCS materials have been written to 
give the student a sequence of content and experiences that will enable 
him or her to understand the nature of modem science and the wayi 
^ienrffic knowledge is gathered. ^ y 

The ^content of level I is organized around the theme of energy, 
its forms and characteristics. Measurement and operational defirmtion 
are the processe§^tressed. As defined by ISCS, an operational definition 
describes quaotmes in terms of How they can be detected and meastired. 
The organizing theme for level II is matter, its composition an^ be* 
havior. In this level the proce^ of model building is emphasized. Con- 
tent for level III is made up ©f a scries of independent and relatively 
unstructured pr^)blem situations selected primarily from the biological 
and earth sciences. As the student investigates each problem, he or she 
utilizes the science concepts, and investigative skills acquired at levels 
I and II. The processes of experimentation and investigation^ are 
emphasized in level IJI. ■ 

, The activities for each of the three years are carefully sequenced 
to provide a story line for the student to follow. Early in the three- 
year sequence, students are guided in setting up the needed equipment 
and in interpreting their observations and cteCa. As they proceed 
through the program, they arc^ft more and more on theur own. 

Not only >vas the ISCS designed so each succ^ve level builds 
on the previous level or levels, but it is also designed for individualized 
science instruction. Much of the student's work is done independently, 
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Vith the teacher giving individual guidaocc as lie or she moves axrong 
the students. Each students sets his or her dura learning pace axui tly 
difficulty of the material is automatically adjusted to iiidividual^bility. 

Departures from the story line, calle4 excujcsions, Imve abo bora 
developed by the ISCS project. Exciw:siQ^ are designed tp^ provide 
additional work on a given topic or a greater' challenge for the more 
capable student. By careful selecrion of excursions, ISCSl teachers can , 
design a multitrack program Suited ta their own studedts, ISCS ma*- 
tcrials are published by the Silver Burdctt Company, [23] 

An upward extension of ISCS has been ^evdft^ed at Florida &atc 
' University entitled IndiyidmUzed Science Ifistructioml Sy^em (ISIS)- 
-Various minicouries are being or iuve been developed tso that a high 
school can plan its science program by sclecring certain ones, ][SIS is 
published by Ginn and Company (Xerox Edjxcational ?liivision). 

Several additional programs have i)ecb devdidpcdtri recent years;^ 
' some $till undergoing refinements at the pr^nt time. At the ele- 
mentary level these include IfidhnduoHzed Science (IS), developed at 
the Research and Development Onter of the University of Pittsburgb 
(commercial producer, Imperial Intemadonal Learning Corporation, 
ICankakee, Illinois)^23] and the ElemerUary School Sciences Fragram 
(ESSP) being developed by Biqlogical Sciences Curriculum Study 
(commercial publisher, J, B. Lippincott Company)* [4] 

At the midcUe school level, BSCS is in the process of developing a 
Humnf Sciences Program (HSP), This program isi being designed as 
a three year middle school sequence. No commercial publisher has as 
yet been designated. [4] 

In addition to the elementary aijd xniddip school program?, BSCJS 
is also developing materials, for Special Education. Me Noi^^ for 11-13 
year olds,* has been completed, and Me and My Erwirmrment, for 
13^16 year olds, is nearing completion. In the planning stages ii; Al^ 
m the Future which will feature career selection emphasis, Hubbard 
Scientific Company is* publishing the first two Special Education 
programs. [4] 

! ■ • v ■ 

Summation of the "work of the study groups V. 

in the late 19 SOs and the 1960s • ■ - • \ • 

1, CONTKIBUTIONS TO SciENCE EDUCATION BY THE SXUDY GROUPS 

V/hat contributions — contributions that should be considered 
when planning a science curriculum for the 197Ps and 1980s — did the 
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study grpups (or pirojccts) make to scicacc education? First, the s^dy; 
•groups perceiv^^Kjencc as a way of snidyirig the phcnoiMna of nature 
m order to develop a bcttcir undefttaading df nature. To study nature, 
sdcAtists make observations. From their obMrv^^ons they gather 
facts-rdxc wofd fa^f dcnpting infonnatipn gathered friom repeated 
agreement of observations, and therefore,' having ^ high degrte of 
credibility. With the facts, scientists forniuiate a hypc^iicsis or /a 
jhcory,^a tentative explanation of riiesc fects- lliea they make pre^ 
dictions based on th& hypothesis or theory. If they can vttify die 
predictions, they will have additional fa^ts to guppoft their premise. 
If they can?tot verify the predictions, they Inust revise, romoNdcl, or 
on occasion, discard their original hypK)thcsis or th^ry. 

Tbc information that the scientist gathers usualiy is organized 
logically withifprevioiisly known information. Newly Acquired infor- 
mation frequentiy^ is fitted into an existing organization, which may be 
called a conceptual framework. SomptimcS new information ^forces a 
slight modification in the existing f raiilework. Th^onccptual fr^e- 
work of a scientific discipline is often referred to as the structure of the 
discipline. 

How ^d the study groups of the 1960s tonstrua science pro- 
grams that enabled a sfiident to gather jnfom^tion, formulatr hypothe- 
ses or theories, and ma^ke predictions for testing hypoth^s^ or theories 
Just as a working scientist. does? In .most of tjic science curricula 
developed by study groups, a number of conceptual schemes were 
chosen to ^rve as the framework of the program. The "^netic 
continuity of life*' and '*the conservation of matter" are two examples 
of a conceptual scheme. Jnquiry-typc activities in which the student' 
solves a problem by conducting an investigation are used in developing 
each concepn^^l scheme. ' 1 ' 

As a scier^tist makes observations aiid interprets data, • he or sHl^^ 
uses certain scientific process^ sucl^as measurement and inference, 
and uses the process of communication to report findings* to other 
* scientists. In varj^ijig degrees, the study groups have stressed the 
process^ of science. In some programs the student is encourage<i to 
communicate findings to his or her classmates, to compare results with 
them, and to defend a position he or she hjs taken by carrying out 
further investigations. * ' 

The study groups made several lontributions to science education. 
Perhaps their most important contribution was the construction of 
science programs that enable students through aciive participation to 
develop an understanding of the nature of science. To-construct these 
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feojds of programs the study groups used conceptual schemes and 
inquiry-type activities^ they emphasized scientific process. ^ 
\ Second, to construct a program for presenting science as a 
scientist sees the study groups envisioned the teacher' and the 
student functioning in different ways than they d^d in a traditional 
program. During most if not all of the time, die teacher of a program 
developed by a project is a guide, a consultant, and a pacesetter; the 
student is involved actively in the program. The attention of both 
the teacher ^d tlic studfcnt is directed toward thcj^fiderstanding^of 
concepts instead of \he memorization of facts. A "second contribution 
of the st^dy groups to^Sciencc education was, therefore, the deyclop- 
ment of a new role for the- teacher and the student. 

Some of the pr^ects have drawn attention to the dcarabiHty of 
writing behavioral objectives for each lesso^ or imTt. Behavioral 
objectives establish plear-cut goals; they enable both a teacher and a 
student to identify just what it is that the student is to >am or be able 
to do at the completion of a given l^son or unit For the teacher, 
b^havaofal pbjectivcs alsg serve as a guide in contracting evaluation 
items with high content validity. The use of behavioral objectives was 
a third contribution to science education. 

Most of the study groups have developed complete, programs, 
allowing the teacher to concentrate on strategy. Not all have written * 
student textbooks, but all have prepared detailed.teacher's editions or 
guides. Most study groups*have constructed a testing program; many 
have developed \^sual materials; and numbers of groups have assembled 
kits of equipment and materials. Thus, the development of the com- 
plete program was a fourth contribution. 

The humanistic approach used in Project Physics' and the Mm- 
Made World can be considered a fifth contribution to science education 
by the study groups. This approach may point the way for the next 
phase of curriculum reform in the 1970s and 1980s. [14, 17, 27] 

2.^ OKFICIENck-S OF THE SciENCK PH0GRAl\tS 

Developkd^iThe Study GRoui^s 
What are tl^ deficiencies of the ^ience programs developed by 
the study groups in the late 1950s andlthe 1960s? First, many of the 
science programs were construtted as a program nriight be constructed 
for pre-science majors. Many science educators have criticized this 
approach and feel that science should be presented as general education. 
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A second dcficicney^' found particularly in tl« high school and 
junior high school programs, is their failure to interest a large nun^^ 
of students in science* One reason for this may bif that roany students 
find the courses to be too difficulL A second r^ison may be that students 
do not find a program built on the smictiu'c of die discipline to be 
inherently interesting as it was a^umed the program would be^ tiiird 
reason may be that study groups in planning a program did not take 
into account a student's previous experiences. Nor did they relate 
the subject matter to the problems of contemporary life. This does 
not mean that conceptw^fgchemes, inquiry-type activities, and processes 
qf science sliould be cast aside or emphaazed less. Rather, it might 
mean that contemporary problems^ especially tlK>sc directly j'elated 
to the student's life, should he considered in developing a science 
program^ 

An unsolved problem that may be considered here is the priiblem 
of training teachers to pi^cscnt the new programs. The study groups 
recognized that the progranijs they were developing would require a 
different style of teaching rhm conventional courses. In order to 
evaluate a program * during me developmental suges, they usually 
required teachers to attend a briefing session or a special institute 
(often supported by NSF funds) before^resenting the program for 
the first time. At the briefing session the teacher was instructed in the 
philosophy of the program and in teaching techniques and content that 
m|eht be new. Even though most of the programs arc now available 
conmiercially, .most study groups continue to recommend special 
training for teachers before they ore^nt the program for tl^ first time. 

Rathmle for a K-l^^^scifnce program ' „ 

The curricillum projects of the past decade and a half created a 
ferment in the p^tanning of science curricula that rescued science teach- 
ing from the stagnation that had set in prio.r to this p.criod; however^ 
federal funding of projects has practically come to a nalfc If ^we arc 
to prevent another period of stagnation in science teaching, then the 
time has come to address ourselves to the future. 

Planners of a science pffigram for the coming d^ade need 
to concern themselves with certain major objective: 

A science program ^ should reflect the character of science. It 
should present science as a never^ding search for information about 
nature; as a continuing intellectual quest to understand nature; as a 
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product of man^s intellect based on. the a^umptions that naturtf is not 
capricious and that natural effects have natural causes. It should reflect 
the nature of science as viewed by seientists. The understanding of- 
die nature of science that students at^ quite conceivably is relate^ 
directly to the design, of the science program in which they are 
enrolled and the manner in which the program is implemented. A new 
progr?itn should portray sdcnec as a dynamic on-going enterprise, 
continuing a pattern established by the curriculmn projects. 

A science program should foster the develppmem of scientifically 
and technologically knowledgeable citizens— ciuztns who see the dif- 
ference between science (man's search for and accumulation^ of 
' loiowlcdgc about natural phenomena) and technology (the activities 
that result in the production of goods and services); citizens who 
understand the interrelationships betwe6<^ science ^nd technology; 
Kntizcns who appreciate the impact of. scicnbe and tcchnolog)' on the 
quality of life. 

In the past, two extremes We been epibraccd in regard to the-" 
inclusion of technological matter in a science program. Traditional 
courses often stressed technology ahnost to the exclusion of sdencc. 
Many of the programs developed by study groups all "but eliminated 
any mention of technology^ Obviously, neither cxuemc prepares the 
student to function optimalfy in a society built upon the interaction 
science ^hd technology. Grizens should not only be scientifically 
' literate but also technologically knowledgeable. A science program 
should reflect tk; interaction of .science, technologyt and society. ' 
• . A science program should further the st^dents' general education. . 
Education from kindergarten through grade 12 is almost universaUy 
accepted in the United States, with many locales extending this range 
' to include a two-year junior college or vocational-technical school 
education. The concepf*of the comprehensive high school is funda- 
mentally adhered ta at the secondary level. The Educational PoUcies 
Commission (1961) has stated that the fimdartiental purpose of educa- 
tion must be. tp develop the student's _rptionai tiowcrif. All* of this 
underscores our belief nation in a program .bf general education 
for all citizens— a .^i^im tha_t provides the student with a broad 
foundation rather tlian specialization in a specific subject. 

Furthermore, if a science program is«to be an effective vehicle^ 
for educating students capable of Vunctioning ably in a science-oriented 
society, the program sho.uld concern itself with contemporary prob- 
lems, especiaUy tiiose problems directly related to the Uves of students. 
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\outh of the roming decade are apt to reject a program of science 
instruction that docs hot conccni itself with vital problems facing 
society, for they seek involvement in the problems <[rf'our*scichtiliC' 
technological society. For a science program to have relevance for 
them it should have a humanistic component 

The content of d science progrof?! ihotdd be c^mnenswrate iDttb 
the level of cpgniuve readiness of the studeins. Considering the various 
degrees of cognitive readines (genetic and environmental afFec^tion). 
cjicountered in the elementary school per se, as v^eU as within a 
specified grade level, not only may cognitive readiness determine 
whether^ a child can l^irn certain concepts and intellectual skills, but 
even more importantly, the lack of cognitive readiness may adversely 
affect the child's attitudes. If child experiences fear ^and frustration 
*in the science program, he dMfife may develop a long lasting, if npt 
permanent, dislike of stience. Conversely, if the child is given cxpcri- 
encQj long' after he or she is cogmtively ready fo^ them, he or she 
has lost in terms of time and personal satisfaction. 

Study groups that developed^ elementary science programs have 
been well aware of the implications of Piaget's work. In the^ ifcvelqp- 
ment of their materials they have taken into account Piagcfs worb 
and the research stuiiies of others concerned with the nature of the 
learner and learning theory. However^ some of the study groups that^ 
developed science material^ for the secondary level failed to give 
adequate consideration to the levels of cognitive readiness of ^hc. 
students destined to use their materials. But, consideration of the 
nature of the learner cannot be ignored at the secondary leveL While 
the general premise of Piagct's work is that children have reached the 
stage where they are capable of abstract reas<3ffiing by the time they 
have reached the secondary-school level, it should not be assumed 
that all. children have arrived at this point. Furthermore, there are 
obviously degrees of abstraction and cognitive sophistication. There 
is, also, variation in the experiential background of the students. Thus, 
no less attention can be given to the -nature of the learner at the 
secondary-school level than at the elementary. 

The arguments advanced above should not be construed as a plea 
for easy science courses. Such a science curriculum would fail to 
provide the challenge needed to,, stimulate learning. There is little 
objection to rigor in a discipline, provided the degree of rigor is 
commensurate with the cognitive readine^. of the learner. 

The objectives of a science program should be stated clearly in 
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behavioral terms and sbould be dr^wn from the cogmtk^j psycho^ 
, viotof, and affective do7mms.y^/ldk the debate tonccming the merits 
of beliav«itt objectives continues, and hy all indications will not 
abate in the near future, it is certainly obvious to the discerning edu- 
cator that the lack of well-defined objectives can reduce the effective- 
ness of a science program- ' 
, Most, if not all, of the study groups and, in recent years, com- 

mercial publishers as \vcll have made a conscious effort to ^te clearly 
the philosophy of their progran^ so teachers might present the pro- ^ 
grams in the manner envisionecf by the planners. These groui^; have 
conducted workshops and inservice training in^tutes to acquaint 
teachers who will be using their materials ^with the philc^phy behind 
thfeir program. 

The ncces^ty. for such training sessions is almost universally 
accepted. Unless tochers are thoroughly gcoundcd in the tarionaie - 
and the philosophy of die program thatthey are teaching, they do not 
recognize many . of its unique charJBfctics, characterises that arc 
^ vital to the effectiveness of the-progj^Lnu But, .while this is a conce^ 
another equal, if not tvtxt greater concern, is tiiat of Icsson-by-lesson^ ^ 
or day-t<Miay objectives. Far too often,. the contwt of the program ^ 
is merely covered without any knowledge of, or any concern about 
the reasons why the material is important, what it forms a basis for, or 
what the student is to be able to do as a result of having studied the 
^ material In fact,^ unl^ students have been givai the objectives in 
behavioral terms at the outset, or ^soon after^ they may never be , 
certain what it is that they should have learrtcd from the instruction. 

The cognitive domain is not our only concern. Certain manipu- 
lative skills and techniques can and should be acquired by studying 
^ science. Behavioral objectives in the psychomotor domain will state 
for the teacher and the student which of these skills or techniques 
should be stressed ig;^ given lesson. 

In addition, science educators are becoming increasingly aware 
of the importance of the affective domain in a science program con- 
structed to further a student's gcneral^ducation. Unless students 
become cognizant of the interrelationships of science and society and . 
the ramifications of these -interrelationships, unless students are en- 
rolled in a science program that encourages them to develop whole- 
some and realistic attitudes toward their cnvironmait' and towarcj 
human culture, societ>% and the indiyidual, the science program ;nay . 
have failed to meet its most important challenge — the chall«ige of 
furthering a student's general education. 
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^ ; A liisutry of Curricul^ CbM 

N /! science program should be composed of a variety of com- 
ponents. Even within a, specific gimic level, there' are children with a 
wide range of interests and abilities. To enable the teacher tp plan a 
science qiirriculmn smtable for this diverse group, the science program 
sk>uld provide a variety of ancillary matc^ak TTien the teacher oin 
exercise individual judgment in the choice of mateiiab and can 
structure , the science curriculum in accordance with the needs of the 
. class- Furthermore, the program should include sufficient aid for the 
teacher, cspedally at the elc^Mntjfy-^hooI Icvd, to enable him or her 
to feel comfortable teaching it, * ' y * 

^ 9y choosing a variety of ancillary materials and by using the 

• suggestions given for varying teaching techniques, the teacher can 

^ prevent the boredom and resulting dianterest that oftoi besets ai dass 

. regardless of the original interest and cnthuaasm. In addidoh, the 
greater the number of differoit approaches used by the teadicr in 
presenting the material, the more likely is the student to achieve an 
- understanding of the content 
' The six major objectives discussed, in this part c(f8^tut 
upon which a science pJ»gram for the coming d^dc itiight be built 
Such a program would capitalize upon the strengths of the scioicc 
curricula developed by the study groups and proj^rts in the late 19S0s 
and the- 1960s and would at least minimize their weaknesses. [5, 7, 14, 
' I7;i9,30l 
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A History of Curri^$ihm Qmges 



APPENDIX: Scmu^e Programs 

ijtevdoped by &iKiy Groups with B4]lishers/ 
<* ddioces NSF or c^iMsr ietiend fut^tsy seaport) 



QradiLml 
^ Fienicnttry Lcvd 



Program PubUsbir 

* . if 

Child-^ructured Learning in v ^ 

Spmice (being develop^ ftt 
FUxrida &3ite Uaivmity) \ 

^Cooc^pcually Oknted Vtogmn 

in EkroenttTK Science (CO£^) ^ 

D^elopcd by the sta£F of New 

York Uoivenity, iavolves bctfa 
, pnxesar wd ^)ocC|^ tctchiiy. 

^Eldjmntary StAaol S^^a 
rfogram (ES^)— A multi- 
di^plisuuy pn^^tani devek^ied 
by BSCS for £r^^K-tf. 

•ElenMitary Scud^ (ESS) 

Developed by has both 
[ content and prticess ba$&~ 

made-up of many short units. 

school or teacher utilizet 

ui&ici as desir^. 

•IndivSduala<[d Sckn^ (IS) 
Developed tt the Research and 
Pevek>|snent C^ter of the 
University of Pittrfmrgh* 

*Sci€nc^A Fractss Appr&acb 
Developed by the AAAS with 
proc^ deve^jMndit being 
the major theme — ^widely used 
iti many parts of the nation. 

^Science Currictdlum Ifftprove- 
ment Study (SOS) Developed 
at rfic University of California^ 
a sequential program cmpha- 
sizing both content and proc^ 
Noted for its well-developed 
life science program. 

Spai?e, Trme, Emrgy^ and 
Matter (STEM) A program 
commercially developed Siitiliz- 
ing the work of the funded J 
proidcts as a a blend of 
process and c<Hitent« 



J« E Lippinooet 
'Cofup^my 



Webso^Divkk^ 
McGraw-HiUBook 



Imperial Intematkmal 
Leaniing Coxporatioii 



Ginn and Ccmpany 
(Xerox Educadi^ 
Company) 



Rand Anally axid 

Cc^pany 



Addison-Wesky 
Publishing Co« 
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MiddkSchiKd/ 
Junior Hi|^ 
School 

Astronomy 



Earth Sckoce 



Life, Earth, 
ami Physical 



< 



Life Scieoce 



Physical 



High School 
Biology 



^Tbi ifniversity of IlUmis 
Ekmnmy Scbogl S^dm^M 
Progrgm (grades f-*9) 

Priocctoa axKi Rutgers " 
Umversitfes 

Interaction Ser^ 
Interaction of Mm md tb^ ' 
Bi0spb€ri (1MB) 

Interaction of Earth tmd 
Titm (lED 

Interaction of Msm md 
t Encr^ (IME) 

Ideas and Investigations 
in Scienct — Iliyslcal and 
^ Bido^ical Levels (IIS) 

^Probing the Natural Wqrld 
(ISCS) Developed by the 
icaff of Florida ^ate"" UniveruQ^ 

thr« y^ program. In- 
volves individualized work and 
based on behaviord objectives. 

*Hwna7i Sciences Pragratft 
(BSCS)i in ptepacaD<*n^ pro- 
gram being designed for inid«[lc 
school/junior high school leveL 

^Introductory Physical Science 
(IPS) Qevelop^ by ESI and 
EDC 

^Physical Science 11 A second 
level course of IPS usually used 
at high school level. 



^Biological Science: Molecules 
to Man (BSCS Blue Version) 

^B^ological Science: An Inquiry 
into Life (BSCS Yellow 
Version) 

•High School Biology BSCS 
Green Versio?!^ 



Harper and Row 
Pi^jiisbm^ Inc. 



Webster Divisioti, 

McGraw-HmBo(& 

ConQMuiy 

Rand McNally and 
Cmipasxy 



Prentke^ilall« Inc. 



SilvcjT Burdette 
Qrapany 



Ptdtke-Hall, Inc. 



Prenticc-Hall, Inc- 



Houghton Mifflin 
Ccbipany 

H^ourt Bracx 
Jcfvanovich, Inc* 

Rand McNally and 
Ck>nipany . 
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AHistmyofCmrkubmCbM^' > 



HigbSciiopI 



Developed by^Scudy Groups witfi Publishers 
(* denotes NSF or od^ fe^nl ftmdisg supfxsirt) 



Cbenustry 



Ejurth Sckocc 



Physics 



Pwgrmm 

im^r Fro^j^ (BSCS Speckl 
Mitfntb) ^ 

ofExpiri^tnii md IdiMS 
{BSCSSecocldCouiie} 

•BSCS Ubontoo" Blocks ' 

^Cbimicd Systms (C8A 
Fro^ct) 



Hok, Rindi«rc vsd 
Prcfitke-Hali^ltic. 



Mulddisciplinftry 



McGraw-HiUBook 

W.H. Fiseatftaftod 
.Ccx&psny 

D.CHeiihaiid 
Cotnpftfi)^; HoaghtOQ 
MMin Compsny; 

Houghtcm IVfi^ 
Company 

•Tbe Mm-Madg World (EXXP) Wcbfiter Diviiioo, 
^ McGr»w«HiU Book 



•CHEMSoKfy 
Revkiooi of CHEM Sti^ 

•Ifivestigiitifig tb0 Eirtb (ESCP) 



•PAj^fiffx (PSSC) 

(PSSC) 
^Proitct Pbysks 



^Individwdizid Science 
Instructional System (ISIS) 



Comptny 

O.CHmhtnd 

Comply 

D. C Hestfa snd 

Company 

Hole, Rinehart and 
Winston, Inc. 

Ginri^nd Company 
(Xerox Educaoonal 
Division) 
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Jon R- Hendrix, Assistant Professor gf Science Education arii Biology, 
Bail State UTttt^sity yAitmcie, Ind. 

Accountability is the watchword in education today. But the quctitioii 
is, *^Accountabic to nvhom and fat fvhat?'' A science supervisor is not 
immime accountability ^ his or her responability is that of upgrading 
science instruction through involvement of the teacher, adminiaraticm, 
community, and all prof^onal channels. The effectiveness of the 
supervisor's work can assessed through desirable changes in be- 
havioral patterns of children, as demonstrated in the development of 
scicnti|c attitudes, skills, usable knowledge^ and methods of solving 
problems. In, seeking these bchavioK in children, what docs a sdeiace 
- supervisor dp? 

The model proposed here is. one which should telp the science 
supervisor and coordinator (or in small sc^hools, the departt^nt head) 
to determine what his or her job description is in terms of competen- 
cies exported by admini^rators. Each competency is sditcd in per- 
formance terms* The basic outline of competencies^ taken from 
AssessTftem of Profes^aml Perfarmmce: The Highland Plan [2], was 
modified to fit various role d^criptiotis of science supervisors. 

This author's eleven years cxp^^nce as a science sUp*rvi»r in 
public schools has confirmed the fact that a science supervisor's role 
is constantly changing. Thi^ this model is not mc4nt to be a static 
role dcscriprioru Unique needs of a school system should demand 
modification, addition, or deletion of specific tasks in tl» modeL 
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Sectian h^Tbe Role of the Science Supm^isor ' 

The Science supervisor, with his or her administrator, can utilize 
the model to identify a role description suitable for the school system's 
needs and the individual's skills, The agreed-upon role description can 
dien be used as an evaluation device for the Stipervisor's performance. 
Clarified role descriptions in performance terms give direction and 
n^aning to the task of science ^pervi&ion. When one's rple is clarifi«i 
and one's performance is evaluated in tcrms^bf role expectations, thra 
the question^ of accountable to whom^tod for what can be intcliigfendy > 
answered. ^ ^ ^ ^ V 

% ■ • 'V ■ ■ ■ ■ ' , ■ 

The model ' ' _ ^ 

The responsibilities of the science supervisor fall into the follow- 
ing basic divisiojis: 



Cunic2/lim and instnicUQ?! 

^ The effective Science Supervisor who coordinatis his or her 
efforts with others for cooperative development of the instructional 
program will: 

' L assume leadership in developing school-wide science educatfon 
philosophy consistent with system philosophy. 

2. contribute to the development of a system-wide science education- 
curricular structure. 

3. develop comprehensive goals and related sequences of performance 
objectives in science and test these sequences. 

4. analy/.e the results of tests and revise goals and Sequences accord- 
ingly. 

5. cooperatively develop instructional guideline^and resources, and 
make provision for their use and refinement. 

6. develop and administer assessment programs and inservice pro- 
grams for science staff members. 

7. develop programs of ^-ience activities for students consistent with 
school system pliilosophy. 

In cooperation with other staff members, the eJfecri^ science 
supeirvisdr, consistently seeking impravement of instruction and of 
the total instructional program in science, will: V, 

1. keep informed about significant ijew developments' in science cur- 
riculum and instruction. 
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2. sdmulate and asast staff members in investigating and evalimdng 
promising new developments in science education. 

3. implement science instructional changes under way and sccuye 
staff suppon for dirai. ^ 

• 4. work with the science staff to support and strcngAen the instrw:- 
tional staff asscsanent program by: conlinunic^ting the philosophy 

• effectively; securing staff cooperation and support; assisting science 
staff members in selc^mng appropriate and significant objectives 
for professional grou^ as^sting in the dcvclopmentand cxeciition 
of professional growth plans, including means of measurement; 
and completing requir^ general evaluations; 

5. conduct research projects related to 'science curriculum and 
ilTstruction. , 

fi. initiate proposals relative to supplemental funding of science cur- . 
riculum and instructional projects, 

7. ^ make and evaluate recommendatioi^ concemmg science programs, 

materials, and tests in cooperation vn%h science staff, 

8. work for science curriculum development and impr&viemeat 
through a program of regular meetings with science staff. 

9. prepare an annual 4*cport of stat^ accomphshmencs, needs, and 
unresolved issues in the area of science education. 

10, resolve conflicts within the area of science education. 

11. contribute to overall effort by accepting r^ponsibility for special 
arguments. 

Staff persomel ' 
" ' In recruitment and selection, of. sci^ce staff, the effective science 
supervisor will: 

1. work for and in the employment cycle of the school system. 

2. ^ participate in the implementation of developed recruitment pro- 

grams for certificated personnel 

3. exhibit professional behavior which will' attract capable and de- 
sirable personnel to the school system. 

4. collect data from which judgments can be made about prospective 
candidates for vacancies. 

5. make a positive contribution to the visitation phase of the recruit- 
ment and selection proc^ for certificated personnel. 

6. recommend to the appropriate person in the school system the 
candidate \fr^ho is best qualified for each science vacancy. 

^ ■ .« 
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Section l:Tb€ll^ of the ScknctSi^crtdscr 

♦ ■ • • 

7. devdopsdencencruitmcnt materia 

a. encourage capable student teachers in ^ence ta seek a cea^hmg 
career. 
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Amgnmemrtrmsfet^midnsHifiload 

The effective 'soence supervisor lissun^ responabiUty for assign- 
mait, transfer, and work IcW of science sca^; he dr she y^tf : 

L consdt with other admimstrator/rt^ 

aaff^ and enlist th^ cooperation in making the process as effective 
as possible. 

2. help make work assignments Iwscd on rfic strtngdis of tlw indi- 
vidual in rdatioaship to thfc description of rfie job. 

3. help make science instructional loads equitable and fair for each 
cmploycfii 



Onmatim^^thescboi>l employees in scie^ 

The effective science supervisor participates in the orientation 
of the school employee in scicncc^Tie or she will: 

1. develop orientation programs for new science employe to intro- 
duce them to the school system's plulosophy, materials, curricu- 
lum, and community resources. . ^^!^ 

2, develop programs -and proccdui^cs which provide the opportunity 
for experienced staff personnel in science to assist the new science 
education employees. 

I 

Staff management 

As part of his or her staff management role, the effective science 
supervisor will: 

1. develop a cooperative and positive rclationslup with other school 
personnel to achieve the goals of the school system, 

2. stimulatcstaff morale, promote organizational purpose and readiness 
to change, and pursue traditional goals of ^dency and economy. 

3. exhibit rational administniave behavior in job-rcievaiu: situations. 
^ which will encourage other school personnel to tru« and r^pcct 

. his or her leadership, 

4. place organizational needs and goals above one*s own prof^onal 
aspirations* 
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In terms of persornid developmeat, effec^ve sdotice super- 
visor wiU: 

L develop comprchoisivc insdrvicc ^^catiofial programs which arc • 
well organize and well planned ^\ 

2. communicate to all menU>ers of sdiW)! syst€;m tiie natore of 
the professional development /program and how its. obji^ves 
relate to their area of ctjnccHL 

3. prov^e opportunities for seleoed professional develofuneot of 
science employees under his or her fupervisic^ 

4^ secure the cooperation and involvement of aU affected personnel 
in preparing science bi^gets bas^ upQn t^r needs of tiie secure 
education program in thVsghpdl system. ^ 

5. prepare a realistic budget for the science education prog^^ 

6. develop ccM^t estimates of proposils that would allocate budget 
funds in accordance; with expressed needs and budget limitations. 

7. inform science personnel who arc responsible for budget ftimis 
of the amounts of funds available. 

8. provide for efficient purchasing procedure and expenditures of 
fimds under his or her control * * 

9. check the receipt of equipment and supplies, and repon to the 
proper sck>ol officials* 

10. arrange for efficients purchasing throiagh proper bidding pro^ 
ccdurcs. 

11. secure established procedural approval before obligating the ex- 
penditure of budget fimds. ' ^ 

12. establish an accurate and efficient system of controlling tl^ ex- 
j>cndit3Lirc of , science fimds. \ ' 

1 3. keep inf brmed of the availability of Fedei|^^te, and lo^ sources 
ofrc^^nuc. * T " 

14. secure all possible funds from available ^sources that arc necessary 
for the efficient implementation of the total science program. 



School buildings and ec^ipnent 

The effective science supervisor, having responsibility for school 
buildings and equipment, will: 

A. establish an effective means of inventory of all science equipment 
in tlie system. 

2. keep informed of advances in science education programming, 
building design, equipment, and materials. 
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S^^tipm 1: TbiHsOi of th^ SdeK0 Supifvis^ir 



X «irvcy the adequacy of csmting fadlicics and cquipmeati analyze 

tesiilts of these surveys to develop an overall plan fpr meft i n g 

the needs of the system* 
4« ar}:aage opportuiCtks for staff to b<»:oix^ involved lo ti^ plamung 

of new coastnic|3<m in sdence ini^truetionai areas. 
5« submit requests for repairs, alterations; ai^ improvonqiils to 

proper staff members. 
& provick for care of and resp^ for sdenc^ physical talkies jmd 

tl^ usage. . ^ . . ^ 

7. plan for and supervise tht effc^ve use of materials and applies. 

8. follow s^ed |»t>cedural practices in the requisition, storage, and 
distribution of science materials and supplies. 



Scbcol-cammunity rehtions 

To foster good relations^ b^ween the %hooi and the community, 
the effective scicfKe supervisor will: 

' ' ' \ 

1, contribute to the development and implcmaitation a system- 
wide, sck>ol-conimunity relations program. . * 

2. Jntcrprct the policies, objectives^ and conditions of the sciaice 
program to others in the school system and the community. 

3. create a climate which is <:onducive to strengthening the lines of 
communication between school and home. 

4, utilize media available to Communicate to others in the school 
system information regarding scieRce education. ; ^■ 

5l use media such as science fairs, exhibits, projects, etc. to inform 
the conunuhity about die schgol science program. 

6. develop assessment instnmients to determine whether the com- 
munjty imdcrstand^ the sciencp- education program. 

7. use ^Hwrial weeks and special educational programs to show the 
community what schools a^e accomplishing in science education, 

8. develop and maintain an up-to-date listing ^ organizations and 
clubs which can be valuable sources, of support for school sdcnce 
programs. 

9. prepare a communit>'' file of parents and others willing to share 
their specialized knowledge. , 

10, consult with school personnel in the planning, production, and 
presentation of specific communications, 

11. provide assistance to staff mcmben in pi-eparing and submitting 
articles for publication. 




12* provide ^aff n^xnbeis with assistance 'anOTaatcrials for cxhihiti 
at educational (X)nventicms, workshops, and seminars, 

13. evaluate the relative effecdveaess various copimunicacioii 
and channels. . ^ 



Prpfessiondgrcmtb - ^ ^ 

The effective supervisor vrfU: ' * 

1, help to idoiofy and select desdrable professional growth projorts 
to be u&dertakoi by management and staff personnel 

2*yf^rtidpate actively in £^up undertakings for professicmal growth 
such as worl(sho|^ conferences, study groups, planning and re- 
search projcxrts, pilot programs, and appraisal and evduadoa 
seminars, 

'3. idmdfy and assign priorities to «gni|icant professional fl|owt^ 
activities related to sdoicc.^ ^ 

4/ follow a ph$i of personal professional growdi activiries, 

5« belong to and participate in science "professional organizations;! 
such as NSTA« NSSA, and state science organizations. 

6.. encourage staff membership if professional science education 
associations. 



Swnmary 

Pr«:isc role descriptions written in performance terms enable one 
to clarify admim^rativc expectations and to develop a self-competency 
evaluation form. In developing a role description, be realistic. Consider 
time alloted for the tasks, finance available, the needs of the school 
system, and the specific strengths and wcakncs{s« of the supervisor. 
Capitalize on individual strengths, and seek ways to acquire » new 
professional behaviors when performance weakn^ is found As changes 
occur, renegotiate the role description with the administrator* Rc^ 
moving the ambiguity of role expectations can facilitate harmonious| 
productive science supervision, * ^ ' 
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Tbe Role of tbo Sta^ Sdenoo Sivorvtew. 



Gary E. Downs, AssisUtm Professor^ Iowa State Umvisrsity^ Arms^ lom 

State, r^ional, and looH »:iaide supervisees have a l^omoK^n gool^ 
the improvement of science in^xuction for all studtiits. Tf^ problems 
of science curriculum, tilery, metiu)ds of developmott, ^fa^gic$ for 
^pdtSrdinatiQa, and articuladon, and techmqt^ and procedures for 
implementation are all within the doimin o| tli« sde&ce supervisor. 
. Local science supervisors ate involved in day-to-day operations of a 
given school system, while the s^tfi and regional (area) supervisors 
are involved in providjifig assiaance and services to I0C4I superviMrs 
and teachers. R^onal or area sd«ice supervisors are ndt a part of 
each staters educational system. However, « great benefit of the re- 
gional or j^ria organization is that the area science-supervisor provides 
more direct services to local classroom tcsiphers. Thz rojc of the ^tc 
science supervisor varies somewhaf^m state to state. However, thejre 
are many common functions and activities that each state sci^ice 
supervisor performs. In this- chapter, thra broad categories will be- 
mused to -represent the rolc j^tl^ state science supervise: development^ 
of the state science supcrvSo?^ poation; functions and activities of^c 
state science supervisors; and history and functions of the Council of 
State Science Supervisors (CS*). * . 

» * 
Development of the state science supervisors^ positrons 
\ sli^pr most states, the ^ience supervisor positions can^ into being' 
f (Mowing, the enactment of the National Defense Education Act of 
1958. Much of the energy and time of thdse first supervisors was used 
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in die implemeatation of the Natkmsd Defense Eductticm Act, timHig^ 
ciie laborioiis m^bax>ic$ of the science materials acG[uisitioQ pmgxim. 
As ^ acquisition program became tmrt routine aod addit^pal pcr- 
ipnnel were employ<^ considerably more time and effort has been 
given fay state science sppervisors to the more basic ednoitional aspects 
of science educadoa * 

Fufwtiom and acthkies of the state science supervisors 

The state department of education (called die dcpartafent of* 
public in^rucdon in some ^tes) often becomes involv^ in curriculum 
development by providing leadership to local scIkh)! systems through 
the efforts of the state sdcnce supervisor. For the state sdena super- 
visor to provid? effective leadership, he or she must be able to identify 
lodl needs, uhdemand local attitudes, and identify local leader^p 
potential. The state science supervisor also provides curriculum leader** 
ship at the state level. To be cffectij^ at the stat^vd, the smtc science 
supervisor n)ust be fully aware of me diverse science education prac- 
tices in the state, the rate of j^d^f^on and/or adaptation of curriculum 
projects, and the role of administrators in curriculum decisions. He or 
she must also be cognizant of the appropriate procedures for initiating 
new science curriculum projects. The state science supervisor performs 
a variety of services for tht regional or local levels; he or she should: 

1. establish an effective communication system with local science 
supjcrvisors, 

2. help to organize and establish committees which work in the de- 
velopment and implementarionr of curriculum change. 

^ems in analysing their present program (s) to help 
establish needs^i^id priorities. 
4* assist in defining andT^mpIementing a program to meet the needs 
for inservice education of teachers. 

5. bring national viewpoints and trends in science education to teach- 
ers and administrators at the local levels. , ^ 

6. assist in the development of articulated sequences from kindergarten 
through secondary education. 

7. establish state science committees to work on developing guideline 
for the development of 'Siew'* science thrusts (c.g.^ the metric 
system), 

8. foster and maintain cooperative and harmonious relationships with 



^5: 



5- ^ 



sdcnce and science education dq)artnmits In ooUegefr and imi*- 
versii^ in the state to better coordinate inservice ediK^tioo* 

Leadership aoivitib of the sate sdei^ supervi$<tf require a 
knowledge of established local and state policies accepted protocols^ 
and legal aspects of the ^te onie. Tt^ la\v$ mandatoj by tfa^ state 
a>de may a^ect the local dittrio; the state def^utnient, or bc^ 

The daily functions of tf^ siate science supei^visor a>nast of a 
variety of activities. These activities may be classified inco seved nu|or 
-Treas and the supervisor's time commitraCTt to each category cadculated* 
, The seven major areas and ti^ permitage of time allocate to each 
arc listed in the accompanying table* 

' SEVEN MAJOR CATEGORIES AND PERCENTAGE OF TIME 
ALLOCATED TO EAOI FOR THE STATE SCIENCE . 
SUPERyiSOR* 

Ptrcemage 

of V 
Time Category Description , 

' ^ 25% Office ftcdvkks, aich as serving on statewide coimnittecs.^cckpboQe' 
and ktter corrc^KHideiicc^ staff meetings^ and prcpamioo ol 
cations* 

20% I^ianmng, organizing, and biplonentmg imervice programs, 
20% Resource services, such as s<xving as a state represactmtive for cur- 
riculum conmittees for statc-supportci^ OMnmunity Junior coUeges 
(area colleges), serving as a scknce rc^tirce person for curriculum 
planmng for teacher certification in the colleges and umversicies, 
17% Ptaimihg, organizing^ and speaking at conferetKes and worlohoi^ 

(usually 1-2 days in length) - 
^% Profes^onai activities, such as attending prof^cmal mecrings, and 

~ presenting papers. , 
7% Serving as a team member for' professional accrediting associations. 
2% Other activities* 

• TJifsc categories and percentage represent the state of Iowa scknce »iper- 
Vi^r*s schedule for the period from July 1, 1974 to June 30, 197S, The state 
science supervisor's role in different states varies. However, this data docs help 
to illustrate the areas of concentration that do represent the most common 
activities that most state science supervisors perform. 

■ . • i 

•» 

History ctfid functions of th^ Council df State Science Supervisors 

' To work effectively vAth educators, state science supervisors must 
be active in many professional organizationSt including the National 
Science Supervisors Association (NSSA) and the Council of State 
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Section 1: The Role of the Science &ipems(» 

Science Supervisors (CS»).'The CS» is the only one ^gtcd s^jedfi- 
cally for the state science supervisor. 

In 1963 the Council of S^ate Supervisors was organized to provide^, 
leadership expertise to thoM individuals Atrho have the major responsi- 
bility for sciena education for state dcjSartments of education in the 
United &atcs and its te^tories. ^cc its inception, t^ CS* has hdd 
several conferences, in cooperation with other agenaes, that focused _ 
on unique problems for the state science supervisors. Science Curricu- 
lum and the States, edited by Kenneth W. Dowling (1971) and Data 
Utilizatiem: A Key ,to Improved Science EducatUm hy James W. 
Latham (1974). are CS* publications which were thc'outcomcs of two 
such conferences. , ' 

The Council of &ate Science Supervisors is a very dynamic 
organization. It provides and maintains communication channels with 
agencies and organizadoi« interested in Kaence education. It keeps 
its ^nficmbcrship informed about federal prograAis; mainuins close 
contact with the United States Office of Education; and initiates and 
develops programs at the state, regional and loiad levels. 
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Wbrfcing with Teachors 



Mary B. Harbcck, Assistant Director , Department of Science, D.C. 
Ptfdlic Schools, Wrishingtim, B.C. 



In an incf casing number of -casts the science supervisor is becoming 
8 member of a team composed of teachers, paraprof essionak, curricu- 
lum coordinators, and adnuniarators. This tea6i is striving to provide 
learning siniatidns for each child. Advancing technology n^akes the 
attainment of this objective more feasible than ever before. Also, as 
die trend toward individualized' instruction gains in momcrttum, the 
traditional dassroo^i-centered school witli group scheduling patterns 
will evolve into facilities engineered to provide a liigh degree of» 
flexibility in grouping and scheduling. New types ^ of teaching and 
learning equipment will necessitate setting up learning situations for 
larger numbers of students in an increasing scope and variety. 

The responsibilities of the supervisor working with and for his 
or her administrator are discu^d in the following chapter. Careful 
budgeting of time and thoughtful establishment of priorities also 
make it possible for a supervisor to fulfill the other half of his or her 
profesaonal commitment— service to teachers. There are several ways 
in which his or her work with «Schers may be organized. One useful 
dasfflfication is working with (a) individual feachcrs, <b) groups of 
teachers, (c) students and their teachers, and (d) personnel activiti«. 



Individual teachers • _ 

The individual science teachers with whom supervisors work 
present many of the same problems that a group 5f students presents 
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to the classroom tocher. Individualized help to each t^her aoxurding 
to his or her needs is the ideal for which the ^pervisor strives. A 
single system for the ot^ervadoa, evahiatioxv, and l^Ip for teacl^rs 
will not suffice for improving the sdcncc program in a school, tu) 
matter how well it is {banned and structured \ 

One approach to the problem of providing for the iiniividual 
^iflPcrences among teachers is to think of them in several different 
categories. Just as students ar^ plac^ in different feading and arith- 
n^c groups in an elementary c^sroom, teadiers may be considered 
as being in one set of groups when the supervi§OLis planning inservice 
programs and in anotl^ whoi indi\ndual ^Is^sroom vi^ts are being 
scheduled. 

Most supervisors schedule at lea^t one visit to »ch teacher some- 
time during the sem^ter, plus, of course, visits made by invitation. 
Each teacher needs to have pertoijal contact with the supervisor. This 
provides an opportunity for the supervisor to bolster the <^nfidaice 
of a competent teacl^r who is hesitant, or — diplomitic^y — to define 
areas in ntcd of improvement to the cdmplac^nt or overconfident 
teacher. Individual visits help him or her to spot inno\^tive ideas being 
develops! by a teacher so that these ideas can be properly appUuded 
and disseminated to other teachers. Potential troubles can be identified 
and perhaps corrected before any real damage is done. 

As individualized instruction for childrtti becomes more cdm- 
monly practiced, supervisors will need to increase the ^tention given 
to each teacher. The use of new technology will difficult for 
many teachers as they find themselves being schcdul^for large- and 
small-group instruction, for individual help scssioni?, and for specially 
prepared lectures. Hcmratary teachers responsible for 30 children 
in a self-contained cla^ooiii, and secondary teachers accustomed to a 
six- or seven-period day in which a similar lesson is taught to two or 
more groups of children, must adjust both thii^king and planning. 
Many secondary teachers h ave had no previous experience with 
gfrouping children within a class, much less the planning of individual 
learning situations for a variety of students. 

A science supervisor will need to be alert to an individual teacher 
who flouAders while attempting a new teaching technique. Perhaj^ 
a demonstration lesson for several teachers with similar problems 
would be helpful. In some cases the supervisor can work with the 
troubled or doubtful teacher in a two-person teaching tcam^^r a 
day or two. Most successful supervisors exercise much creative in- 
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gcnuity in devising ways to help^teacj^^in troul)Ie. The fact that 
they are not at fim able to find a way does not deter th^ from 
trying again. The hardest aspect of this problem is probably finding 
a way to effect a change in the teaching behavior without hurting 
the pride or self-image of the teacher. 

A mQPe formal way of observing and helping new tethers is 
usually necessary. Some type of check list or evaluation sheet, to be 
used by the teacher and the supervisor, is a practical way to provide 
data to be used for post-obscrvatidn discussion, \Vhcn working wdth 
student teachers, the supervisor mu^ give ^guidance, in |iow learning 
situations for children, as opposed to instructional situations by 
teachers, can, be be«: structured and maintained. It is^ easy to get ' 
sidetracked into discussing housekeeping chores and bulletin board 
constructionf^ 

Part of the supervisor's job is to inform teachers about the re- 
sources of the school and commimity. Because most supervisors do 
not have the tinus to help individual teachers with direct information 
at every time of need, it is ncc^sary to develop procedure by which 
teachers can help ^cmsclvcs. An information c^d file listing the 
nam^ and addresses of f^rsons to be contacted for special equipment, 
field trip guidance, or similar services is a valuable adjunct to the 
supervisor's desk. The simpler the information retrieval devices of 
this sort arc, the more efficient and speedy will be the task of inforhi- 
ing teachers so that they can pro^^eed without the supervisor's indi- 
vidual attention. A file of information about new national curriculum 
projects or one describing the suitimer school oifFerings at local colleges 
/Tf^arrTxamplc of indirect help to* teachers. A monthly one-page 
bulletin for staff distribution /s a practical, way to report news- about 
science education in the school. 

Many supervisors will be expected to work directly with the 
library, testing, guidance, /and research staff members pr, from time 
to time, to confer with department chairmen in mathematics and 
science. Staff members \^ho work with each other above the teaching 
level should plan and practice shoncuts to facilitate communication 
and the exchange of information among themselves. 

In working with individual teachers, the challenge is found in 
maintaining a balanced schedule so that all teachers arc served, not 
just those wjio clamor for attention. The quiet teacher n^iy be the 
one in most need of help and may also be the one who will, in the 
. 'ong run, contribute the most strength to the program. 
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Sdeace supervisoi:s can also facilitate recognitibn of outstanding 
work or special talents by publidzing and awards and 

by nominating teachers for awards, for fcUow^iips, and for assign- 
inents in professional organizations. Beginning m 1967, NSTA has 
given awards each year for distinguished sc^cc eo sdaicc ed^cation. 
"industries and other professional orgamzations are ifltci^tcd in recog- 
mzing outstanding sdenc|^ teachers. 



Groups of teachers ■ ■ 
' The science supervisor may be asked by Ws or her administi^tor 
to plan and implement teachers' workshops, curriculum writing groups, 
textbook sel^on committer, and discusaon groups. It xs^ery oftqi 
advantageous for a supervisor to take the time to asscfs tnc real need 
^r these activities so that he or she can autiate gronp work for wipch 
teachers caiksee some necessity or value. , . 

The/sStnce supervisor has the r«ponsibillty for quality coritKA., 
when lil^mg teachers to plaH activities for themselves or their 
studentsTrtechers, as a groiip, niust be led by tt^ supervisor to 
establish priorities for using time and energy to implement special 
activities. Teachers sh^ould not be asked to undertake a new instruc- 
tional program, inservice courses, a foriiial evaluation program, and 
the planning of a science seminar simultaneously. The supervisor is 
in a position to look at the whole picture from a long-range point of 
view. Teachers who find tl\emselvcs ttying to do too many projects, 
some of which are of questionable vklue, are not likely to remain 
enthusiastic about program innovations. • 

After the priori«s have been established, the supervisor has the 
additional task of establishing guidelines for the activities which have 

selected. Any project must be shown to be educationally worth- 
yvhile, pedagogically sound, economically feasible, and of possible 
/accomplishment with' the available resources and staff members. The 
supervisor may have to convince any or^ of the administratqrs, 
teachers, and students of the value of the project, and its precedence 
over Other desirable activities. - *" 

Much of the work with groups of teachers will be in the area 
of curriculum development. There arc organizational chores in setting 
up committees, collecting materials, and arranging the meetings. 
When . the work ofythc committee is finished, much time .is involved 
in flriiring materials, printing and distributing them, and thin cncourag- 
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ing appropriate experiir^tal use and evaIiution« With practice, these 
chores become easier^ so that the su|^rvisor can turn fus or her atten** 
don to the more impqjrtant rol^ of leadership for and equation o£ 
the work as it is being done. 

As group work of %ny kind ppceeds, it is importaot ^that tiic 
objectives originally formulated do not become loa: in the mass of 
details. At the ^nd of the project, someoitt mi:tt equate tl^ results 
with the original purposes and make an evaluation. It is scssumed that 
the objcctiir^ps were first designed to fulfill some clearly recognized 
requirement and that the composition of the commitjtee and its work 
was engineer^ into a manageable 

For example, most districts have now abandon^ the practice of 
trying to evolve a science"^ education program which originates com*^ ' 
^letely in the piinds of the committee. Neither are groups of teachers 
being asked to sit down alone to develop a curriculum. A new cpurse 
of study for a local district is much more likely to be an adaptation 
s>Tithcsizcd from one or more of the national cujrriculum projects or 
from commercially prepared materials. Teacher committees should 
work with a consultant knowledgeable in devbing curri^rulum building 
techniques— a task for which most teachers have had ^ttle training 
or experience. The supervisor or a qualified person fron^ outside the 
school system may fill this role on a short-term or intermittent basis* 
Some^hool districts are employing selected teachers and supervisors 
ducmg the summer months. Such committees usually include persons 
ffom all levels of instruction in order to bring 2 diversity of talents 
ajcid viewpoints to b^ upon the work to be done. 

As the year-to^y^ curriculum revisions arc made, a supervisor 
is faced with the dgntinual educational needs of the teaching staff. 
Opportuniti^ for additional education must be provided by the local 
district in a variety of ways. How many different opportunifies are 
offered and what die scope of t^tsc programs should be will depend 
upon the competences and characterises of the teachers. Inservice 
programs are now more likely to be of a developmental nature, rather 
chart remedial. a 

The methods of instruction used in inservice programs should be 
worthy of imitation tn the classroom. Teachers do not Icarii how to 
conduct lab-centered le^ns by listening to a lecture* Inservice sesaons 
may be conducted by lh# supervisor, a professor from a neighboring, 
college, a talented teachcr^om the local or a nearby school system, 
or a publisher's representative. The supervisor, in any case, should 
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assume a great deal of responsibility for the plannii^ of the content C 
and format of the;ses^ons. He or slw can thw be assured diat a 
balanced offering of different teaching tcchm^ucs is us^ 

Group work v4fh teachers may be necessary for a variety of 
reasons. In addition to the curriculum development and inscrvicc 
programs, teachers may need n:^etings to share teaching ideas among 
thcxnsclvcs, to plan equipment purchases, to plan visitation or exchange 
programs with other districts, to hear visiting lecturers, to wur nearby 
educational facilities feature park, museum, industry, learning-resource 
center), and to plan special science tfycnts for ^ud^ts, parents, and 
thccommumty. ^ ' . 



With other staff members 

The supervisor will also' work periodically with a repnssentative 
of the Ubrary staff. The ncwej. science educition progran^ reqi^ , 
rcfereftcc materials in larger ijuantities and greater scope than ever 
before. Many school . librari^ are receiving increased support from 
se\^al »urccs so that present holdings can be more easily updated 
and enlarged. 

However, n>any librarians do not feel qualified to iiuikc selections 
of reference materials for science. This is particularly true in the 
matter of journal and periodical acquisitions and in the field of science 
' for the elementary grades. Help is needed in collecting books for the 
professional library used by ^ff members. 

Librarians want to spend their money on materials of high quality 
that will be used. The supervisor can collect teacher requests and 
add hi3 or- her own 'selections to the list.' TTie librarian can be of help 
to the supervisor in choosing references which arc in the best format, 
printing, and binding. Together they can plan for the most satisfactory 
use of the money available and a sound long-range acquisition program. 

Participation of schools in educational research projects is in- 
creasing. Supervisors and teachers are working together on research 
projects and grant-seeking propo^. School district blidgcts often 
include an item for research andaevelopment. The impetus for edu- 
cational research may come from a higher education institution,- the 
school board, the supervisor, or the teachers themselves. Working in 
ongoing research projects is a valuable experi^c for the professional 
growth of teachers and supervisors. 1 his activity gives opportunities 
for teachers to leam about research design, searching the literature, 
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able to researcher^ Doing scientific rcscarcli (as many high school 
students arc) is an excellent way to louti the nature of scknce ai^ 
how scientist work. A supervisor who is doing some research will find 
that his or her teachers will be more willing to try it also* 

Research activiti^ will increase the work that science supervisors 
arc already doing with guidance dircc^rs, general curriculum coordi- ^ 
nators, testing officers, sdfence department chairmen, and nuthonatics 
personnel These people, including die science su|KXvisor, make Mp a 
school sctvkrcs team which influences the philosophy and aspirations 
of a whole school. This' team, in its w^brk with the administrative 
staff, can literally make, or break the reputation of the ^hooL 

When working with difFcMnt groups of staff members, the super- 
visor is in a role of double management The objectives must be 
identified ^and fulfilled, and the people involved must be employed 
with efficiency and in harmony with each other. 

With students 

The science supervisor will be' called upon to work with indi- 
vidual students or to plan progran)S fof^§noups of students. Teachers 
should be encouraged to solicit the help of the supervisor |n solving 
problems of ccftain students. If the invitation comes by some other 
route, the teacher should be notified promptly so that communicarion 
is open and smooth, ^ 

If a student or group of students is planning to work , on a special 
project invoiving cooperation *with an outside agency, such as an 
xAdustrial firm, health association, or a local scientist, the supervisor 
will be expected to act as a liaison person among the interested parties. 
This may involve the preplanning of schedule adjustments, contract 
negotiations, as well as the preparation of 'any publicity needed to 
give the commuftity an undcrstijpding of the project and its valuc- 

' Science fairs or exhibits are a concern for many supervisors. 
Educators, in increasing numbers, arc coming to the realization that 
the tradifional competitive science fair haJs some serious shbrtcomings 
and pitfalls. Supervisors \v\\o work in a district^where a science fair 
each spring has become a school tradition may wish to work with 
teachers and students tp re-examine the objectives of the fair to 
ascertain how much f^l value still exi^ in the- program. 

Some districts have abandoned the faiTin favor of an event which 
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affords the opj^pi^tunity for individual sQidecp tD report ti^ scientific 
research wluch has bceh^cue as an integral part of course weak or as 
a result of an individual inters Good science fairs are a natural out-* 
growth of the sclu>d sdoic^ program rather than being die reason 
for which the work was plannec! in the fir^ plac^ 

There are c^hcr types of special sdmcc activities which teay 
reflect the spirit of science better than the traditional hk alone. Some 
schools have students meet in seminars, widi or «wtthout an audiex^ 
to hear each other's reports and then ask questions. Others have 
established a junior academy of science which emphasizes the presen- 
^tion of a paper mdier than an exhibit Subsoquoit publicatipn of the 
proceedings provides a r«:ord of work done from year to year, ^ 
Supervisors should insist that whep competitive types of science 
youth activities are planned their educadooal values should take 
precedence over their public relations value to sponsoring orgamza* 
dons. The quality of science fair projects cari^ cxpret^ to be in 

, direct proportion as to the quality o/r the jud^igTiDne from year to 
year. Judges sho^ be chosen from the sdentific /community to 
assure that the evaluations will be based on and reflect tl^; scientific 
merits of the projects. Good rules and r^ulations foi* conducting 
science fairs arc available; from the national science fair organizations^ 
Supervisors should sec that tftichers tiansmi| up-to-date "information 
to their students about award programs and other activid^ such as 
the Ford-Future Scicnti^ of America Awards (NSTA) and the 
International Youth Science Fortnight. 

Students sometime ncccf advice in connection with individual 
worjk they arc doing, which neither the teacher nor the ^pcrvisor is 

^pr^ared to givey^Agoin, outside help should be sou^L Sometimes 
a disinterested, bored studoit can be stimulated by contac* with a local 
scientist who wiliTielp him work on something of special interest to 
hini. This becomes the studcnt*s science program-^Sjapervisors are 
usually aware of valuable resource people in a variety of «:c^pations 

" who can provjdc for individual differences in this way. 
.^^Anothfi^ca of interest , for the supervisor is that of care 
guidance. He or she is in an^ advantageous posidon to identify andl 
nurture the science-prone student who needs help in learning abouji 
thelicw occupations and professions 'arising, in the field of scicnc^ 
With the help pf the guidance counselor, he or she can portray to tt 
student the science-oriented vocations. wKich fit particukr capabilities 
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and p2X>bable educational opportunidesw Too ^dent^ are lo^ 
to the scientific i^ds b e cause they think only the most intelligait 
and^i^j^hl^edi^ people can qualify for worL^ ' 

^^peoal I^rtum or seminars can also ht planned for bodb ^dents 
and teachers* Traveling exhibits sponsored by industrial firms, non^ 
profit educadofial institutes, and governmental agencies are also 9y^- 
able to those who wish to enrich the sci^ce program' for the entire 
student body or some segment of it. Preplanning and fbUow-up 
activities are necessary to make this kind of program a jtistified part 
of the total school instructional plan. The presait trend is avt^y from 
packaged traveling programs and toward flexible program segmoits 
which can be mixed and matched to ^t the wishes of each individual 
school _ 

To implement an effective program for studaits, the supervisor 
must be well informed about and have rappdrt with iocaI*s^entists and 
the institutions these scientists and other resource people represent- 



Personnel activities 

^ A science education program wiU be no more effective than the 
combined efforts of the total teachingsltaff. This idea sdiould be in the 
supervisor's mind in^ the recruitment of new teachers, the supervision 
of student teachers, the preparation of tecommendations for teachers, 
and the assignment of the staff members to existing or new positions 
in th^ school. 

In traveling, attending conferences, and visiting hthcr progran^ 
the supervisor should be alert to identify individuals who arc looking 
for new positions which offer a cliance to- grow prof^onally. Some- 
times young teachers do not sense this growth need in themselves, 
except as a vague frustration about their present situation. Such teach- 
ers may need some gentle prodding toward positive thinking about 
the chances they have for advancement in the profession. With the 
advance of educational technology, many new directions for thui 
growth will emerge. 

The supervisor will also gravel to observe teachers who^ applica- 
tions 'for positions have"" been received by the district The written 
credentials of a prospective teacher are no substitute for Jmdwing 
firsthand how the teacher relates to students and other teachers. 

The science education staff can also be strengthened internally. 
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The early identification of the most promisiiifVHdrat teachers can 
resixit in an opportunity to pvc preservice attention to those who may 
apply for posijions- By involving sfcdcnt teachers in performing real 
tasks, instead of planned hypothetical exercises,^ it is possible to, make 
a better evaluation of their potential^ while at the same tinHi giving 
them a vested interest- . 

The supervisor who is 'able to' delegate' responsibilities to others 
in an^ethical, mutually satisfying way can groom meiiibers of the 
present ^ff for.rcassignrn^it to different positions where their pai- 
ticular talents can be most effectively used. Whra teachers are sparked 
by an enthusiastic supcrvisoV, they will do many things which lighten 
his or her workload and at the same time help them, to grow pro- 
fessionally. Ii\ a situation 4ikc this cv^body wins. 

A less-satisfying aspect of per^nncl work is the occa«dnal neccs- 
siH^ to help those teachers who are not making a satisfactory contri- 
bution to the science ' program to 6nd a more appropriate niche 
somewhere else on the staff or to arr;^nge for the tcrmirution of 
employment. This is a cooperative venture which involves the teacher, 
the supervisor, and the administrator of the ^hooL No. supervisor 
should attempt it alone. 

Some teachers need and want experiences outside the framework 
of the school prograrp. By judicious recommendations of teachers 
for fellowships,' special courses, retraining in a particular skill,j or 
participation in research studies, it is possible to upgrade the scimcc 
teaching staff • Useful and rewarding ways for ixsing these teachers 
should be preplanned so that they can see a genuine valufe in comRlet- 
ing this special preparation. If this is not done they are lil^ely to' go 
elsewhere so that the new training can be used profitably, ; ^ 

The contemj)lation of so many tasks. to be done with and for 
teachers can be a da2ing experience. These ideas havp been presented 
in the hope that each reader will gain insighrinto thelnany possible 
avenues of endeavor. No single school system can expectiOnc super- 
visor to perform them all continually. Some 'may not be appropriate 
in a given school Those most applicable and workaWe can be instituted 
immediatdy. Others may become more valuable later. As supervison 
gain skill in doing two or three things at a time, they wijl feel more 
confident ^bout enlarging their scope of services. ^ 

An enthusiastic suj^rvisor is not likely to want to o^eratgJn the 
same way each year. Abandoning ineffective work P^^J^^^^^^^ 
ing n?w ones from time to time will help to ^keep^Opppb'W 



Vmon exciting and satisfying* This practice also sets a good example 
to tochers. The work that supervisors do tdth tcachets will' l^p 
them close to the object 'of all their creative thinking — the students 
to \vhomthey ire nspoiudble, 

* ' ■■ ^ 




Working with Administrators 



Phyllis L. Magat, Coordimtof, Mathematics smd Science, Alfred L 
duPont School District, WibmngtonyOel , 

The science supervisor, coordinator, or director of science education 
provides a liaison between the science teachc^rs and tlw administrative 
Icadi^ in the* school, dismct, county, or other organization. This f 
liaison is cssihtial to teachers, for they depend on the supervisor Xfi 
inform the members of the administrative staff on the nature and 
Jmplications of the scientific enterprise. This liaison is essential to the 
superintcrtdent, for he or 'she neec^ one person who can be depended 
upon tp be the knowl^Sdgcablc spokesperson for tlie sdcnce phase of 
the total educational program. The science supervisor also represents , 
science education in tiie school program to- the school board, the 
p'arcnts, the community, and to other agencies. The special relation- 
ship between the science supervisor and the administrators of a school , 
or district is the chief concclcn of this chapter. 

*A science supervisor sells one commodity only— confidence. To 
the superintendent, he or she must sell confidence in his or her 
' knowledge o( the total scientific enterprise, both within the school or 
district and within the- nation. The confidence or respect that a science 
supervisor can earn from the superintendent comes from proven* 
professional judgment based on: ^ ' 

1, Current knowled^ about content in the sciences (chemistry^ 
physics, biology, md earth and space science) * ^ 

2. Current knowledge about curricular materials in science and 
methods in science teaching f 

3- Current knowledge about children and how they learn 

4. Leadership^ ability based on improved management techniques 

■ ■ / ^ ■ .. 




* ^ " V Workmg^wltb Ad^fdstrators 

' The science supervisor plays a unique role in acjmin^tration, for 
this profe^onal role requires a full-time commimient involvingi con- 
4iQUous study and extensive reading, Only^ by being current in the 
knowledge required can the supervisor serve two of the major functions 
of the position, the design and implementation of science programs 
and^ne provision of services and materials to facilitate the Work of 
'fficscicnce teachers. 

The relationship "'between a competent science supervisor and the 
superintendent rpiist he based on frequent, scheduled contacts, because 
the dernands of science education are changing radic^ly from the 
position science occupied a few years ago. As new, activity-oriented 
programs are added to or replace the outrnodcd, textbook-oriented 
science classes, increased financial support is needed to provide: 

1. larger and better equipped rooms for science from first through 
twelfth grade 

2. More equipment and supplies f>er pupil per year 

3. More science scheduled for more students" 

4. Increased services in a laboH«»j^program (e,g,, laboratory tech- 
nician, research projects, reduced class loads to allow better labora- 
tory supervision) 

These demands for financiai support must compete with other 
programs in the total system. CA*fuI judgment on the part of the 
supervisor is.nceded to see wherc^ and when the demands of a modem 
science program should be emphasized. At certain critical times in the 
administration of a dynamic district the supervisor must be prepared 
to present a carefully constructed program with' aggressive salesman- 
ship. Some of these critical pjiases include: 

K Long-range capital improvement programs 

2. Annual bu%eting for current operation of all programs 

3. Panning facilities in a new building or renovations of older 
buildings 

The science supervisor may be looked upon by the superintendent 
as the agcrft for "quality control'' in the district. This description of 
the supervisor's role would he d^ptively easy to fill if the accepted 
quality were quite low— the ''control" would present no problem. 
But when the quality demanded is high, then the pressures for bring- 
ing ail schools up to. the desired level work positively for the super- j 
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visor and his or her total enterprise. If the supervisor can move one 
school ahead in one aspect -of the program, either in the phy^c^ 
plant or curriculum phase, then other schools will be critical of their 
own position. If the new position represents the quality gU arc striving 
for, then teachers and principals join the demand for a similar science 
program. 

The major obs^clc to the kind of professional relationship bctu^cciSV 
the supervisor and the superintendent described above is the lack of 
ppportimity to affect the key people. It, therefore, falls upon the 
supervisor to establish regulai* communications with all key people 
in administration in order that he or she be informed of plins md 
anticipated changes and, in turn, may confer and advise on thosd 
changes affecting science. A supervisor can easily get so involved 
in the teacher-committee and classroom acrivities that this important 
phase, exchange of vitil information with key admini^tors, can 
be slighted. 



A two-v:ay street . 

t^Io relationship can be adequately described frdm one dircctlbn- 
What can the science supervisor rcawnably expea from the super- 
intendent? 

First, he or she needs the opportunit}^ to present the desi gn and 
implementation of the continuing science program for periodic re^i^. 
Such a review should include long- and shon-range goals, cost analy^ • 
personnel, facilities, and inscrvice implications. The superintefi|dent 
should provide the broad base_ of planning for the ^hool or district 
with which the science phase must be coherent. 

The superrntendent should keep the supervisors informed of 
trends, discissions, and changes in total planning (fiscal, buildings, 
penonnel, etc.) which are essential to the supervisory role. He or she 
should, in turn, ask for recommendations or advice on matters within 
the professional realm of a science supervisor in time for the supervisor 
to give a* response based on available information rather than guesses. 
Examples of such "advice" questions might be: 

1, What would be the effect on the science progt^m if we changed 
to modular scheduling in the senior high school? How would the 
science facilities of a new school be planned undef modular 
scheduling? * ' , 

2. What kind of instructional organisation at the elementary level 

y ^ 
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would produce the best science piftgram? How would this organi- 
zation affect tiic child, the tocber, the curriculum? 
3. 'Should science be taught as a- major subject to all students in 
gnd^7-9?Why? " ' 

In contacts with other administrators the supcrmtcndent must 
be supportive of the science supervisor. When the supervisor is in a 
"service" or "staff' position, where his or her advi^ may be accepted 
or rejected by principals, this kind of support from the supcrintendeait 
is most essential Adnunistrators who lack the professional traimng to 
judge the supjcrvisor's recommendations can defeat the movement of 
the science program if independent decisions are made. ^ 

The superintendent can provide thejbajanced fiscal policy witihm 
which a healthy and dynamic science progmm can function. FoF it is 
the long-term, regular financial supWt,lh« builds the confidence of 
staff which, in turn, makes the essential difference in vigorous science 

education. ' . 

A key conjjgpt behind the relationship a supervisor establishes 
with the principals in the district is^the fact that /fcach one needs the 
other to dp his or her job well. A principal cannot have the professional 
background in each discipline which the supervisor is expected to 
maintain; therefore, the principal must call upon the supervisor of 
science for advice on the science program based on die supervisor's 
"broad background of information and experiences. The supervisor can 
produce no improvement or change without the support of the princi- 
pal^ who V^aHmonally "t^c educational leader or his or her building." 
Together they can plan for' and implement the needed schedule, 
facilities, equipment, teacher assignment, inscrvicc, etc. The supervisor 
brings the broader picture to the building and Can often^ suggest 
rwiources not realized witWn the school. Rivahy has no place in the" 
relationship betft^een a supervisor and a building>.pRQdpal, for they 
have a common objective, the design and sustenance of>good science 
education program. -< 

It is one role of a principal to bring the picture of the educational 
program in his or her building t6 the public through vario^xs publi- 
cations, meetings, PTA programs, etc. The super^sor should encour- 
age him or her to present the science program to the public; he or she 
should help die principal' to interpret the needs and goals of science 
to the staff and community. The science supervisor can experience 
greatest satisfaction when public recognition for the quality of the 
science program is bestpwed upon the principal, staff, and pupils. 




Providing the Learning Environment 



Rodger Bybc^ Department ' of Education, Carkton CoUege, 
NanbfUldlMirm. 

School systems and human beings are org^isms of great diversity. If 
one thinks about the vast range of structures and functions that 
comprise ovir life processes, it is truly remarkable Each oi^ii is 
structurally unique; still, all or^nstare functionally Jfciateii. Each 
system is solitary, yet there is unity among all systems. The structure 
and function of our systems are designed to achieve both ouf steady 
maintenance and our continued development. In a way which appears 
to be paradoxical, this is accomplished through the dual tendency of 
specialization and "coordination. There is. specialization of organs ami 
systems; yet, there are some systems (c.g,, -hormonal, nervous> which 
have the function of coordination; 

In much the same way, the science program in a single school, a 
district, or a state is 'also one of great, diversity. A continuum of ^rade 
levels, different disciplines, styles of- teaching, and needs of students 
are but a few conditions contributing to the diversity. There must be 
maintenance i£ the science programs are to operate smoothly; there 
must also be change if the programs are to continue developing and 
iljjprpving* It is 'the function of the supervisory system to integrate 
and maintain myriad programs while facilitating change and develop- 
ment in science cduSirion. 

At tile individual level, the silpervisor's role b to coordinate 
science programs so an identifiable organization is maintained, andNto 
facilitate development by creating a climate in which there is a conV 
rinuing change in science programs. There exist numerous long lists 
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of "what the supervisor does.** A review of many of ttwse lists wJU 
sl^ow that most of the jobs are some variation of two themes: niaia- 
tenanqc of the present programs and development of npw progrims;. 
The category of maintenance includes providing equipment, rcplairing 
siHjplics, organizing field experience preparing materials, arid 
itiiportantly, replenishing the science teachers' personal energy thrcjugh 
encouragcmeni Development in new directions occurs through w6rk- 
shops on new teaching techniques, meetings to u|Kiatc scientific )tnowi- 
edge, irtservtce programming to implement new curricula, and released 
time and funds for travel to professional meetings. 

ResponsibiUties and ambiguities , 

Achievement of the stated goal is indeed difficult because the 
supcrvisof has many responsibilities. There arc ambiguities of the task 
to be done, arising chiefly because of the supervisor's indirect influence 
on the educational environment That is, the supervisor must 'facilitate 
a better educational environment through other media* 

The difficulty of supervision is often compounded by an inherent 
ambiguity of goals^ tasks, and completion. An ambiguity of goals arises 
from the simultaneity of 'maintaining the present program and devei-. 
oping new programs. To further the problem, goals are often partially * 
determined by students, teachers, administrators, parents, financial 
constraints, and social trends^ There is also an ambiguity of the task: 
How should the goals be achieved? When should the supervisor push 
for change? Which new. curricula are best for the students and 
teachers? How should changes be facilitated (inservice, summer pro- 
grams, released time)? The task is not an easy one because there arc 
many variable to he considered and, more often than not, some goals 
are in opposiripn. Finally, there is an ambiguity of cornplction. Just 
when are the goals achieved? One answer is every day; another is 
never. Actually, both are correct. 

Rejfurces and sowces * ^ 

Resources arc the various means that can be used to the educatiosal 
advantage of students; they art the various people and things used in 
maintaining* the present prograrj^s in science. As a resource person, 
the supervisor is one to whom \teachers can turn for ideas and for 
supplies, equipment, and materials. All of these can be drawn upon as 
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needed for the continuation and revitalization of existing science 
programs. 

Science supcrvisibn also includes initiating new curricular pjo- T 
grams, and creating new teaching techniques to enhance the eff^vc- V- 
.ness of student-teachex encounters. Thus the science supervisor is also, 
a source«initiating change and new growth in the science education 
system. 

What the supervisor's resources? Those things thlt can be . 
used to facilitate a better educational environment Environment in- 
clude those factors, intrinsic and extrinsic, that influence education 
in the science classroom; not only physical facilities, eqiupment, ma- 
terials, and books, but ako the attitudes, n^otivations, and behaviors 
of students; the enthusiasm, methods, beliefs, and knowledge of the , 
teacher. Environment includes the complex social and cultural condi- 
tions afFccting interactions between students and teachers during 
science ingtruction. ir 

The teacher, as the factor of greatest importince, is the main 
r^ource of the supervisor. Over ^ the years, hundrisds of research 
studies have been reviewed on the qualities of jp^ teachers. The 
results of tWs review can be put simply: Thera^c no common and 
identifiable characteristics of good teachers. Y*.^eaiycn^wthere are 
good teachers. (Good teaching is a function of the person^>wu^< 
it is the teach^'s individual characteristics and style that contribV 
effective instruction. The t<jacl)er's st>'Ie includes knowledge of sv 
matter, use of approprist* curriculum materials, ability to/ plan and 
carry out' class procedures, use 6f different teaching m^hods, en- 
• ' thusissni, and adequate personal relations with students. of these 
(and probably mariy more) characteristics are necessary /Effectiveness 
in science instruction-is determined by the unique ways these attributes 
are combined as the teacher etjcounters many different situations in 
the classroom ejivirori^pent^ ^ 
""""^ The social use of resources has been dominated by a view, of 
unlimited^ economic consumption, which is evident in an ever increas- 
ing GNP and the idea that quantities of material goods contribute to a 
better life. Though the translation is less than direct, thejc is the 
corollary View that many educational problems are solved through 
the development of curriculum mato«als and the purcjjase of new 
r-- textbooks. This is in pan truC; but just as there are limits to natural 
resources, so there arc limits tp the development of new curriculum 
materials to solve old problems. A variety of factors have set limits 
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tin new curricuk; it is time to seek new directionjr of growth. Wc 
have gone through an era of curriculum reform and arc now in an 
interim of transition to a new epoch of instructional efF^tiveness. 

Discussions of the educational environment often center on topics; 
such as designing new facilities, implementing new curricula, ordering 
supplies, and obtaining equipment. There is no doubt in anyone's mind 
concerning the importance of the supervisor in these tasks. By and 
large, supervisors know how toN^o these things; they have done them 
for years; they are disqu^ed in every book on supervision. | 

" Curriculum develcpmcnt is important, and it must continue. The J 
<:urriculum is an important part of teaching and should complement 1^ 

^ the teacher. Curriculum is a resource the supem^scff^ can use tpward 
the goal of improving the educational environment, but curriculum 
development is not the whole answer, . v 

The role pf the supervisor and tt^^als of supervision, as wiH as 
spme responsibilities Vnd resources have been discussed Let us turn tn^ 

1^ some practical suggestions for improving the educational environment 

Ideas mid mnovatioTis 

This section provides some ideas and references to help the. super- 
visor facilitate innovations in . science education. These ideas are an 
attempt to provide meaningful and practical suggestions contributing 
to the stated goal of science supervision— improving the education 
e^ronment. ^"^-^^ " ^ 





1. "My" Project Workshop 

Almost every teacher has two or three projects in mind that will 
improve classes. These ideas are still just ideas because, "We'll get to 
them sometime " or "I just can't find time to do them.*' In this work- 
shop, the primary resource is time and anything else that will help 
bring teachers' ideas to,^ Work inr groups so there will be 
cooperation, exchange, tei^, and sharing. Jhe supervisor should act 
as a facilitator, doing w*tever is needed tcTmake the teacher's ideas 
actual. ^y^' ^ 

2. Asking. WAitiVG, and Listening in Science Teaching 

^Questioning is one of the primary instructional techniques used 
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by teachers to engage th^ Icamcr^s interest. Thl^^^xMiyjlctc act of 
questioning includes: asking a qu^bn^ w^ting for an answer, and 
listening to ti^ answer given. Many science teachers don-t think of 
rile best tyj^ of questions for' their purpdsc; they can't wgit jnd 
oft^ listen only^or the response confirmiilg t4)t^«rti»wer they had in 
mind. Information and experience in asking the right que^ons^ waiting 
for answers, and listening to all responses can be valuable to science 
teachers. Aims of the workshop arc to ask diffcrient typcis of qjjcstions 
appropriate to the science teacher's situation, to inert^tse wairi<l| rime, 
to not only li^en for answers, but also under^nd any confusion or 
frustration in the students* responses. This workshop nught include 
the presentation a^id discussion of ty|^ of different qu^ons; teach* 
ers' analyses of questions recorded on a cassette tape diuing one or 
two earlier classes; practice ofvasking, waiting; and listening through/ 
simulation; and working on quesrtions to be used in future lessons. 

References which the supervisor can' use foi^the worksiK)p include 
Developing QuMstionmp^ Techniques (by A. Oirin an4/R- B. Sund, 
1971) and *'Thfe Art of Questioning, or How You AidtJvIakes a 
Difference" by A, H. Stone in BicoTmng a Beftez ElemeTUary Science. 
Teacher (by R- B. Sund and R. W, Bybee, 1973 both of which are 
published by Charles E Merrill, Columbus, Ohio. Clas^opm Questicms: 
What Ki?2ds? (by N. M, Sanders, Harper & Row, New Yotk, N.Y, 
1966) and Hcni) to Ask the Right Questiojis (by P. Blosser, NSTA, 
Washington, D.C 1976) are useful publications on this topic. Refer 
also to "Science, Silence, and Sanction'* by M. B. Ro\^ in Science and 
Children (6: 11-1 3; March 1969). 



3. DiAGNosixt, Dfcidixg, and Rkspondinc in thf ScrENCE Classroom 

A sciencjjl^eacher makes an average of fifty decisions per class 
hoi^r of if^tfuction, ever\^ one of which is made In terms of the student, 
the lesson, the curriculuTti, the teacher, and other factors in the emica- 
ti^mrfv environment. Nowhere in our training do w^^^c^iphasize the 
importance of decision rnaking, and this is a crucial factor underlying 
effective science instruction. This is a difficult issue; most time and 
energy is spent on curriculum materials which the teacher assumes as 
the long isange intentions of teaching. To complement this, there is 
also the need for spontaneously reacting to classroom situations and 
student needs. This w^orkshop could focus on- new knowledge about 
students (e.g., the theories of Piaget, Kohlberg, and Maslow) and 
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attempt' to answti%ejnitial qu^on, "What do I look for in students* 
behavior?" Thai, a discussion of the difficulty of maldng a decision 
could bring the teachers to an awaren^ of their own perceptions of 
what is important in the decision making proctKs. Teachers say, **I 
understand th^ ideas, but how do I respond to students in the class- 
room?" Again, the workshop can only heighten a teacher's awareness ^ 
because each classroom situation will be. unique- But, a start, teachers 
can become aware that sometime it is appropriate to T^t>ond with 
an answer, sometimes a question, and sometimes a refercxfce. 

For reference sources to use in this w^ork^op, consult Teaci^^ 
^indent Relationships^ Causes, arid Comequences (by J, Brophy and 
T Good. Holt, Rinchart and Winston, Inc., New York, N.Y- 1974); 
The Art of Helping (by R. P. Carkhuff; Human Resources Develop- 
ment Press, Amherst, Mass. 1972); The Study of Teaching (by M. 
Dunkin and B. Biddle, Holt, Rinehart and Winston, New York, NX 
1974); and Models Teaching (by B/ Joyce and M. Wdl. Prentice- 
Hail; Englewood Oiffs, NJ. 1972)" "To See Oiirsclves as Others See 
Us, But More Deeply" i)y N. Kagan in Ne^ York University Edu- 
cation Quarterly (Winter 1975) and Human Iftteraction in Education 
(by-G. Stanford and A. Roark. AUyn and Bacdn, Inc., Boston, Mass. 
1974) are also excellent sources, 

4. The SinxfAL Studf.kt in Sctknck 

With the recent requirement in many places that special students 
be mainstreamed, there is an opportunity to provide learning experi- 
ences in science -^for these individuals. However, the potential of this 
opportunity has been veiled \%4th' frustration arising fromajack of 
understanding of the unique problems of these studetfts andVof 
« mateoals and appropriate methods for teaching therti. There is valiJ*hlt 
assistance available in thq^form of fundamental information concerning 
the physiology and anatomy of various handicaps; methods, materials, 
and problems "^f teaching the nacntajly retarded, visually impaired, and 
physically handicapped; and ways^<to ^evel615* positive student per- 
ceptions and attitudes while integrating the special student into regular 
science classes. 

In preparing materials for the workshop, refer to "Teaching 
Science to the Blind Student" by R. J, Eichenberger in The Science 
Teacher (4:53^54, December 1974); *'Scknc^ Classes, for Mentally 
Retarded Adults'' by S, D. Schcry in The Science 7>a^fcer. (42: 44-46, 
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January 1975) ; and "Wc Can It" by R D. Thicr and Hadary 
in Science md Children (2:7-9, EJecanbcr 1973). Two spmal issues 
on- special education arc The Kizppa^?;^(Spril4974) and Science ^md 
Chilkren (March 1976). ^ . 



5. Group Dynamics in the Classroom / • 

. - One oft)ic major sources of difficulty in teaching, and the origin 
of nianyldisciplinc problems, is a lack of understanding of the dynamics 
of groups^ in particular student groups in classrooms. Science classes 
often require changes from a large group to OTiall groups for laboratory 
work or individual work on proPcts, and the return to a large groyp 
at the end of class. Because of the great variety of group changes it 
"hs important that science teachers have some basic understanding of 
social psychology as it applies to the classroom- Applying a few 
important ideas in group proces can bring ^^ttout smooth and efficient 
changes within the educational environment. Inf&iTO^ition and applica- 
tion of dynamics y^ould be the aim of this workshop. After discussion 
of concepts fundamental to social psychology, the teachers would 
consider wjtys of using the principles in their own cla^rooms. 

Q iu^e topic of group dynamics, refer to Joining Together: 
Group Theory and GrouQ^Uis by D* W. Joli^juCn and P. Johnson 
and Learning To gether^n^ Alone — Cooperation, Competition and 
Individualization hy\>. Johnson and R. T. Johnson (both pub- 
lished by Prentice-HalL, Englcwood Diffs, NJ. 197S). Also, Educa- 
tional Social Psychology by^M. A. Barry and L. V. Johnson (Mac- 
millan Publishing Co., New Yoric,, N.Y. ' 1975); Group Frocessies in 
the Classroom by R. A. and P. A. Schniuck (William C. Brown Co., 
Dubuque, Iowa 1973); and "Using" Group Dynamics in the Gla^oom'* 
by J. K. Smola and A. Mandeil in The Scie7ice Teacher (^Ul^-^}!, 
April 1974) arc good sources^ 

6. DiSCf PMMK IN THE Sc^FNCE ClASSROOM 

Classroom discipline is one of the majgr concerns of those enter- 
ing the profession, of teachers, and of the public in general. Science 
teachers need to understand the cause and development of behavior 
problems in general, as well as some of the ^rea^unique to- science 
where problems may originate. For example, setting up laboratories, 
working on investigations, cleaning up, handling dangerous materials, 



and preventing breakage of cquipraait are ^ areas of potential disci- 
pline problpnis that arc. specific to the subject matter. The \vprkshop 
couid incorporate discussions of different theories of discipline, pre- 
vention of problems before they* oc6ur, effective techniques of han- 
dling problems thatfda occur, the lights of students, and the rights 

• ^^TO^c^ of books an^ articles have been written pn the subject 
of ^SfiiSa some of these are? "Our Nation's Schools— A Report 

jcWd: *A'". by Birch Bayh in School Violence and yandaUsht (U.S: 
Government Prihting Office, \yashington, 'D.C 1975); Viokfice in 
theSchoob: 'Catdses and Remedies by M. Berger (Phi Delta Kappa 
Mi^^rional Founda?ion,*^BIooniingt6n, Indiana 1974); ^'Discipline" in 
Today's Education (64: 5S-^?, March^April 197^); "llie Public Looks . 
af the Publip Schools'" by George Galffip in. Today's Education (64i 
l6-iO5. Scpt.-0ct. \97 $); .Dhcipti?2e: X ^hareijl Experience^ rhy L 0. 
Wckh and Wanda Schuttfe (Shields Pubhshing, r973); kd Aifltwgi^^^^^ 
InstTtictional Vroblefn^ by J. Warrell ^nd Ki^ Nelson (McGraw- 
HilLNew York, N.Y. 1974). - - 



7. SCIENCK, EXHICS, AND SOCIAL DkCISIONS 

We liveSn ah ag^ of crises. E^nergy sources ari being depleted;' 
the environfuent is being polluted; and the global population continues 
to ipcrease. In many cases science ar\jd technology are simultaneously 
being blamed ^for the problems and looked to for the sofutions. Many 
science teachers could benefit from discussions of science and tech- 
riolog>^ The social consequc^nccs of science; th? distinction between^ 
the values of science and the value decisions of applied scienc^^ 
appropriate u§e of value clariiiotition techniques; analysis of currie«Tiim 
materials and teachfng methods deajing with environmental awareness; 
modification of prescrft programs to include more environmental 
eclucarion; -tend, the ethical issues, posed > by .gloial scarcities are only 
a few of the topics 'for discussion. Specifically, ti)is program could 
increase the science t^acherV-knowledge of global saarcitics and th&r 
limils td growth, and thus expand the tcacher^s understanding 'of \ 
scientific, technologic, and individual values. . ' 

References <2n science, ethics, and social decisions - include: . "^i- 
ence, Technolog>\.^ii3. Society*' P. d^H^ Hurd.in The Science 
^feacher (^42" 27^30, February 19f 5); An" Inquiry into the Hwnan 
Project by R. L. I^eilbroner (W. W. Norton, New Vork, N-Y, 
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1974); a-spcckil Wuc on moral education, Tbe Kappmi, June 1975; 
"Futures Planning: Biology, Society, and Ethical Education" by 
a Kieffcr in The Science Teacher (42:10-11, October 1975); Tbe 
Limts tit Groninh by D, H. Meadows (New American Libraryv^^ic*, 
New York, N-.Y. 1972); Mmkind k fhe Turning, Poht by M, 
Mesaro^t: and E. Pcstel (E, P. Dufton and Co., Inc., New York, N.Y. 
1974); and Tbe Survival of the Wisest by J- Salk (Harper & RoW 
Publishers,New York, N.Y. 1973). ' 

8. An Intradtscipunary View OF Science j m 1 

This workshop is an attempt to broaden the scientific literacy 
V)ithin the* community of science teachers. Tliere arc vafious ap- 
proaches tha\night be used. The aims are tp update scientific knowl- 
edge in areas other than the teacher's specific discipline and to provide 
a sense of intradisciplinary focus to teachers. Topics for the workshop 
might include-' recent advances in various disciplines (e.g., quarks, 
continental drift) or an intradisciplinary analysis of contemporary 
problems (e,g., energy, pollution). ' 

9. An IxTFRDrsciPMNARY Exchange OF Ideas 

" The division between the sciences and the Humanities can be 
naxrow^ed Iry having' teachers from the. sciences and humanities give 
workshops forgone another. They can exchange ideas, do simple 
lessons, and discuss fundamental concepts in their disciplines* Humani- 
ties teachers Would enjoy a good discussion of an issue sucK as the 
energy problem and they would probably learn a great deal Lijcewisd^ 
science teachers might enjov-^te opportunity tc\rcad and discuss a 
novel, play, or work of aif.* " ' 

This is a Ijrief a'ttempt to describe the supervisor's role in faj:ilitat- 
ing the g(5Sl of improving the educational environment. The topics 
gnd ideas stressed are different from those usually included in a 
aiscussionof the educational environment. Itis tlie human environment 
and the human ecology of the classroom that.ar^ rpost hnportant, so 
this has been stressed, leaving discussions of designing new classroofns, 
providing equipment, and implementing, curricula to others. * 

In the first half of the essay is the rationale undprlyirtg supeijision. 
^ In response to the penetcatfng and ever present question, *'Wh«r can I 
* do tomorrow'^", ideas and references have been j)rovided for a ^iety 
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of workshops that might be &m st^ps on the loi^g jouracy toward 
facilitating a better educational cnvifiOnnicnt. 
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Ever since education came into being as a means of preparing the next 
generation to live p an already existing adult society, it has tended to 
be conservative in its approach^ It has followed changing trends in 
society rather than acting as an in^rumoit of change. B^use of its 
conservative attitude, education has 'changed slovt^ly. The first major 
in^iovadon in education, the ^tbook, occurred 1^ than 600 years 
'ago. The chalkkrard came about 200 years later. The next major 
innovation, the use of technological teaching aids, occurred during 
the prcs;cnt century. ' 



SysteTm devg^ " . . ' 

The devclopmcait of educational laming is not new. Well- 
dcvclbpec^ Icari^ing systems were in operation more than 5,000 years 
ago. The rectangular cla^ooni, with seats in rows, taught by a teacher, 
with teacher aides pould be ' found in large cities. There was an 
"assistant principal"' to deal with (iiscipIiE\e problems* Students were 
pimished for standing up m class, talking, leaving thp room without- 
pcrmission, ^nd especially for poor work, DcUnqv|ency .and truancy 
were not uncommon/[l] ' ' , ' 

Toda^ many iQgtming systems are <:hanging rapidly. Oftai these 
changes are piecemeal' and ^poorly planned, with expediency rather 
than rationality m^dvatin^tfi^ changes: Some of the confusion is the 
result- of a lack oi i guiding philosophy for the management of tbe^ 
system.; * ^ ' 



Two viewpoints of management found in iiidustxy were described 
by Douglas McGregor in 1961- [2] Translated into educational terms, 
the ideas would be expressed as two theories, 

Th^y X ^describes traditional assumptions of management In 
educational terms, th^ might be paraphrased as: ^ ^ 

1. Teachers are naturally kzy, and will do as little as .possible^ 

2. Teachers are primarily motivated by pay raises and promotions. 

3. Teachers are naive, and depend on direction from above. Tficy 
need to be told and trained in proper procedures. 

4. Teachers need close supervision, with praise and blame, properly 
distributed. 

5. Teachers do little, if any, worlc outside of school,' and then only 
when they have to. \ 

6. The school system is of primary importance; teachers are selected, 
trained, and fittecj into the system. 

7. TeacTiers need to he pushed in order to obtain adequate outcomes. 
The antithesis of Theory X is Theory Yr 

L Teachers are active, enjoy their work, and are proud of their ac- 
complishnlerits. 

2. Primary motivating* forces are internal, rather than external. ^ . 

3. -Teachers 'are professionals, and are^quite capable of doing their 
own organization and plajming, 

4r If provided with the necessary supplies^ and equipment and em- 
coirfagcd^ to do their best»* teachers wiU work hard tq^TTnpiDve 
their teaching. ^ y * ' ' 

5> Teichers welcome indcoehdence and responsibility, and when 
given the opportun^v^^ encouragement, will' work long hours 
to improve their teitching. 

6. The iiTtferaction of teachers and students is of primary importance 
Jn learning, and^ie schpol system shquld be designed to promote 
'this interaction-, ' " . « ^ \' 

7. Teachers cfave approval from their syperi^rs^ and thcjr pe^rs, and 
will work hard to febtain this appzbval* . ^ j 

It i§ pj-obable that administrators in most scfiool systemsAvould 
not accept either theory X- or theory Y-innheir entirety, but would 

-lean to>t^ards ope theory or the q^ier.. Whichever' theory is accepted 
usLlly tjeconil^ a self-fu^llingDrbohecy,-and the administrator finds 
tlShi^^or her tlneory is "ri^t" as faK^ his or her school and teachers 

' are con^cerned. For tlus reason, the viewpbints of thevadmini^ation 
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have a profound effect on the morale and ^^EviQr of the teacl^rsx 
in die system. , ^ ^"^""^^vf^ ^ 



Dev^lopmga%^bleiystem \ 

A viable schoolJjTitem is capabl? of growth and development a\ 
autocratic sy^cm Imcd on>|hcory X makes such development very 
difficult, if not impossible, A **non-systcm" characterized by crash 
programs and emergency decisions makes orderly change equally 
difficult. A wcU-dcsigned system based on theory Yvoffcrs the bc«: 
environment for orderly change, 0^ 

What are the components of such a system? They are many and 
varied, but the following ^h^^ctVisdcs are essendal for a well 
^ganizfd school system: ^ - ' 

LjQcarly defined gpals and objectives* A system cannot function 
effectively uith its members at cross purposes or with differing aims. 
Trust and conjSdcncc among the groups in the school and the 
community. When the students fear the teachers, the teachers fear 
the princiDal, the principal f^ars the school board, and the school 
board fears the opinions of tnc voters, there can bejio effective 
school program. 

3, Open communiqgtions. A *'chain of command"/ becomes just that, 
a chain that bin^ the system. If a principal is inot Afraid of what 
teachers think of him or her, he or ^she will ^ot/object to their 

^ talking to the superintendent or the school board; when everyone 
jis working together to build a better ^hool system, organizational 
structures serve as a framework for progress, not as a block to 
communication, ^ ; . 

4. Cooperation and consensi^.* O^n commur^cation leads naturally 
to the next essential for curriculum, change: the necessity of full, 
cooperation amo^g all aspects of the systAn^j^rom the student jto 
the contmuaity, including administration, and professional^ staff. 
The r^le the majority may be. a democratic procedure, but it 
leaves a dissatisfied .minority^ that can ^ fatal to effective school 
programs. Individuals and groups with differing viewpoints ' 

^WiiKt be brought togfether to discuss their differences anci to resolyc_ i 
jbhem if possible, rather ,than continuing to encourage unproductive 
Confrontations between ex^emisj (viewpoints. If the "middle ^ma- 
^ jority" can -succeed in establishing a truce' between extremist 
yiewpbints, and in enlisting cooperation foj developing mofc effeC- 
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tivc schoAIs, the future can offer great promise for conung 
. gcncrationa^ 

5. Pcfeitivc leadership- As long as educational leaders spend their time 
"putting ourv&cs" their is little time for positive lotdcrship," 

- Teachers mu^ bS^giyen encouragement, support, and Recognition 
instead of being criticized for every wcalmessr that can be found/ 

6. Effective' outcomes. Every effort to develop a better ^schopl pro- 
* gram will fail whenever students fail to learn- In the past when. 

students failed tpleaj>4t has been custogury to blame thb students 
I ' and teachers. Tho design of a succc^ui\ system will reco|^zc 
student failure as an indication tlut something is wroyig wifffthc 
system, and will lead to the s^ch for ticeded revisions- 

7. Satisfied constituency. This is a primary consideration in a learning 
. system. If parents, students^ and teachers are tmhappy with a school 

system, every attcnipt to devielop an effective iiystcm is bound to 
fail In such a situation^ the first step must be to t^blish conuct 
among the divergent groups and attempt to resolve differences of 
viewpoints and pinions. Until this is done, no meaningful efforts 
to improve the system can succeed. 

Xhe role of the supervisor 

The supervisor has the role of providing a link ''between the ad- 
ministration and teachers. The supervisor can help provide parents 
and students with the opportunity to bring their viewpoints of educa-^ 
tion into focus, and to assist in developing, a philosophy and goals of 
education toward which alLmcmbers of the cort^unity^can work. 

Effective curriculum oevelopment and the articulaticKi of the 
science program constitute important facets of supervision, well worth 
'skillful, constant, and thoughtful effort. The science supervisor must 
be deeply involved in inspiring^ plaariing, coordinating, and^imple- 
menringxrurriculum change. 

A special ward needs to be said here for 'new supervisors. -Often 
they have worked as dassroom teachers, or perhaps as department 
heads. They have given primary consideration and allegiance to their 
ow;n- subject fields aqd tl^,n^d to improvp their knowledge in their 
own sphere of specialization. Science department;^ heads have been 
largely responsible for their owti courses,^'* for ordering laboratory 
equipment, and po^ibly for holding informal meetings of^ science 
teachers In which some degree of consensus conoeiping the aims and 
cdurse content for science teaching was achieved. 
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Oftca, when such individiials move into positions as science super- 
visors, th^y assume a role already accorded them by their colleagues. 
It has-been documented that supervisors o^wly promoted "frdm the 
ranks'- areJn ideal positions to take the step to leadership. They already 
have the coiifidence of associates and the administration^ or pipbably 
would not have been promoted^ It is necessary to build on the confi- 
dence and maintain the contact establi^ed with both groups^ The 
problem is to learn to act as a liaison between the two, and to Icam 

•how to do this without failing to support worthwhile chaijgc for 
fear of offending one gr^up or the other. 

^ This provides new supervisors witH their first important decision. 
Shdiiia they follow trends and implement su^estions made by the 
administration and faculty, or provide l^dersmp irfto new fields and 

. develop new ideas that will proyttlc the trends of the future? Tl^c 
latter choice has its . hazards, buf it is the most constructive one for 
the imaginative individual who really wants to sec some worthwhile 
changes in science education. 



Building tupport fbr the sy stern > 

^Many cortimunities lack confidence in the educational system and 
its program. Whgjj^confidence in the system is lacking, the first step 
must be to build support for prograjn devdopment and to convince 
the Various groups in the comm\inity that something can grjd. will be 
done. This is a public relations job t4iat will require all the skill that 
can be found Fortunately, the science supervisor i^ not alonj, in the 
desire to improve community relations. He or she can ^ounf on /^he 
support of /administrators as joon as they find that the public relations 
• program will produce positive r^Its. Some good suggestions for 
building bridges between jhe community and the school are: 

1. Publicize interesting school projects^ Is one of the classes doing an 
unusual project? Take some picturesaa^t^H the community about 
it. Arc some of the students workmg to improve the environment 
in the community? Let the public ^now. what is going on: The 

^ newspa^rs' will welcome well-prepared interesting items about 
. whatJS happening in the schools, ^ V--^ ^ 

2. Recognize good teaching. Try to get the Rotary Qub or some 
otfier service organization to sponsor awards for outstanding teaCftr 

rs in the system. . ' . 
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3. kan a slide show iof some of ^he intercsong development in 
science or science! cducatdo'n. The commuiuty is interred in 
lemming what science is all about. "programs, community 
library exhibits, orj the use of a bank window may vpsovide an 
cxbellent opportunity for publicizing the school progr^ and- 
witl provide a challenge to the students in the' science class as they 
plaij exhibits which will tiisplay what they can do. 

4. Tal^c advantage of special "events: eclipses, new discoveries in sci- 
ences, and news^ abjout scientists. Alert the community to the 
importance of scicncb in their liv<s. . 

5. Once the communi^ has been alerted to the fact that science is 
inter^ting and impdrtant, the next step is to find out what they 
think'^hould be included in the school curriculum. Traditionally, 
«cicnc«^ teachers hav^ h^n interesled in their own particular field, 
and have tended to Emphasize the great coricc|)ts and theories of 
scicnce^ to the'exclusion of everyday cve^. 

The sniclents and the general public are usually inter«te^ in how 
science 'affelts their daily lives. They are willing to ieam' theory>aS 
long as they can sec why it, is important, but they frequently reject 
the idea of studying science for its own sake. Failure to bridge the 
gap betwecn\ theory and application has been one of the factors 
causing a dekme in the public's interest in science and its distrust 
of scientists. \ 

One way \of bridging the gap is finding^ut what pJarents and 
students think is important' to know about science? One way^ doing 
this is to use a-Lvice like the Science Decision Game. i3] This game 
h^s been used tW parents, studenB, and teachers to determine what 
tijy consider ii^^rtant in science i^nd to find out to what extent the 
school ^s £.l|icihg^ emphasis on desirable components ^sf the science 
program. ' \ ^ ' * 



Philosophy and goals " . ■ ' 

Failure to coniider the interests and wishes, of ihe students and 
the public in designing a science program often has fesulted in nega- 
tive attitudes toward the program. Some science programs hav^een 
devised by scientists ind science teachers without)feo*hsiiiering the ne^ds 
and interests of the students and the public. Such programs have" been • . 
effective for preparii^g future scientists, and helping students who ' 
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take^ science in college, but such pro|p%ns often ire not effective in 
developing scientific literacy in the general pub^. 

In developing a plulosophy and g€«^jfor * science program to 
meet the needs of -the general pijblic, t^^^fedbns below should be 
considered: ^ v^r-^ 

L To what ^cnt should scientific^ literacy be eqiphaazcd in con- 
trast to pi^^ration for taking college courses? ^ . 

2. How important is a kno\d[edgc of applied science to the students? 

3, How \^oes science fit into the wiKjle curriculum? What relative 
emphasis should be givoi ta it? 

,4. What basic science is important for everyone to know? 

5. How importantapc^student attitudes and interests? ' ^ 

6. How importanCis environmental science?' ^ 

7. How important is interdisciplinaty' science, in contrast to tradi- 
tional science subjects? 

8. What should be done about developing continuity m a science 
program (K-1 2)? / ^ 

9. What relative emjiha&is should be gi^ to laboratory work and 
to verbal learning? 

10- What is the role of the teacher in tte science prografn? 

When such qu^ons are honestly faced, and a consensus reacl^, 
the next step is curriculum development. But who will decide these 
questions? The. science teaefiers in executive sessions? Unles the 
community^and students are involved in determining the philosqphy 
and goals for the science program, there apt to be distrust and 
opposition to whatever pr^pam is evolved* . 

The science conrmtttee 

One effective way of developing consensus about the science 
program is to form a science steering committee that represents the 
different groups in the community. A steering committee, as an ad- 
visory committee, provides a "sounding board" that teachers can use 
to resolve conflicts of viewpoints and interests. Who might be in- 
cluded on such a committee? 

L The sdencey supervisor (as a motivator, not necessarily as the 

committce^fnairperson). 
2, An administrator with interest in science and a good scientific 

background. 
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Two or three high school science teachers, 

4. A social studies and an English teacher. 

5. Two junior high school science twchcrs; 

d. At least two elementary , readers who have a spwial interest in 
■ science. ' / 

7. One or two parents who are intere^cd Wthe science program, 

8. An engineer and/or a «n«itist from ^uic community. (A doctor, 
fi^oiogist, health officer^ technidan^^^.) \^ 

9. A banker, businessman, lawycrfor other individual v/ho is not . 
particularly interested in or knowlcdgablc about saence« 

iO» Others who might provide useful suggestions for planning an 
effective program. 

The Decision Game mentioned previously majfc provide a good 
way of getting the committee thinking about the role of sdencic in 
education* The committee then might discuss the issues listed in the 
sections on philosophy and goals. By this time the group will be in a 
position to begin to provide guidance to the workiag-gwup that will 
develop the science program. >^ ^ 

The working group mighlt be a sub-committee of the steerinff 
committee, or another group selected for its ability to lay the grounjd^ 
work for the science program. This group should have th« responsi- 
bility to: * 

L Examine existing courses of study and identify those that can be 
used or adapted to meet the goals that have been established. 
^ Special attention should be given to the work of federally funded 
projects, science textbooks, and courses of study such as those on ^ 
exhibit at NSTA meeting, • V 

2. Select those items that ten be used in dcvelopiq^ a viable science 
curriculum for the system, 

3. Plan a comprehensive science program for the system (K-12). 

4. Devise a plan and techniques for organizing and teaching the 
program that wiH hold the interest and challenge the ability of 
the students: (Techniques of individualizing learning should be 
incorporated into th^lan.) ' . 

5. Survey existing facmties ,and equipment to idermty needs and 
potentials* 

6. Identify gaps in the materials selected in the second st^p and 
develop materials for the missing areas. (All of the science teachers 

' ' dnd many, of the sti^denrs should be involved in this step^ 

7. Find teachers who volunteer to try out various components 

f ' 
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iaind provide fwdback for adjusting the materials to hold tite 
mtercst and meet the needs of th^ students. , 

8. Edit the materials and organize the program, 

9. Organize an on-going stalf development program to prepare 
ttfachers to use tl^ matcrlds effectively. One of tl^ bc^ methods 
of staff development is to enlist -the teachers in the curricdum 
development project and in the cxpcrimeutal use of the materials 
to work with the plans for impl^cntatioa This a critical step 
upon which the success of the project depends. 

10. Provide for continuing review and reti^on. 

During tlus entire process the steering committee' should react tp 
the materials and procedures. Such a group pan be very helpful in- 
keeping the working group aimed at the major goals of the program, 
and in recommending revision or replacement when it is needed. 

At the same time, a continuing public relations program should 
be in progress to ^kccp the conAnunity, the administration, and the 
teachers informed atK>ut what is gbi^g on in the project h would be 
helpful to the steering committee and the working group if feedback 
from the public, parents, and students could be provided. Such feed- 
back might be an important factor in maintaining continuing com- 
munity support for the program. 



Syste?ns components 
i In using a systems approach to ctimculurh dcdgn, it is important 

to consider all of the components of the system. These components 
may be classified und^r the following headings: 

1. The learner. It is easy to lose sight of the fact that the learner is 
the central figure in a learning system. The .system sholild be 
designed around his or her needs and mter^ts, instead of trying 
to fit him or her into a pred^igned mold. ^ 

2. The staff. TThis com{x>nerit of the systdm makes' the system opera- 
tive. A well-designed system is built to facilitate thC' work of the 
staff in its role in the learning process. If a system component 
hinders the staff in its work, the component should be redesigned, 

' instead pf asking the* staff to Vork aroiiSH^ ah impediment to 
' . eiffective operation. • 

3- The philosophy and goals. This component of the systcfh has 
already been discussed. • 

«■ • , 
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4. The physical fadiitics. This componrat of Ac syi^m is often 
neglected or taken for granted It's easy to say, **We can't do that 
because ..." A carefully designed facility plan is an essential itrai 
in an effertive curriculum program. If changes cannot be imple- 
mented at once, they can be made a litde at a time* Unless a long 
range d^gn has been A^orked out, funds may be wared in making 
changes that hinder nther than help the prognun, 

5. Materials and suppli^ This represents one of the continuing costs 
of a system, and it is important to get the greatest effectiveness 
posuble for every dollar spent ^ r ' 

d. Teaching procedures and techniques. This is a vital component of 
the learning ^System. Teachers, as well as students, are individuals 
and have individual differences. It is important to permit teaclra^ 
enough freedom to utilize their skills effectively, as long as the 
philosophy and goals of the sy^em arc nwt One teacher may be a 
total failure if required to use the techniques that anofthcr teacher 
finds eminaitiy succc^ful. The important thin^ in tatoching tcch=u^ 
niqucs is b2ance^ rather than conformity^ I N 

7- Management procedures. ThisJs often the most nc^ected .i;^m- 
poncnt* of a l^rning system. * great deal of time and money has 
been spent on computer-assisted instruction. This is useful, but at 
present is not economically f&sibic without outeide funding/ 
Another drav^back is that someone has to do the thinking for the 
computer, and this may result in the development of a rigid set of 
procedures that cannot adapt 'to th^ varying needs of the leamet; 
Most management systems in use tooay exist in- plan books or in the , 
teacher's mind. Other, more effeaivc plains are ncfdcd. Mjyiy 
useful techniqHes, like contract learning, axe coming into use. ^ 

8. Evaluation and fcedbac^. This is one of the three mOst imp«tant 
components of a lemming system; th6 other two being the learper : 
and learning techniques. It is important that the stated go^ls of the 
^stem be evaluated, and notsomcthing else. It is not un96mmon ^ov 
find very little corrclationAetween the stated- goals of the systcii|W^\ 
and what is being evaluated The*ost cfommon flaw in the cvalu^^ 
ation^JTogram is to stress high level cognitive goals an3'to,cvalua^tc 
low level outcomes. Another weakness '4 frequent failure to 
cvalpate affective outcomes at all. U;>lesl3f/(the goals of tEe#>^cm 
ai'e/ included in designing the c\^luation procedures, thire is no 
f guarantee that those neglected iix the evaluation have been achieved. 



. Section 2: Tbt Supervisor apWork 

Teaching to the ten ^ . ' - ' 

As long 'as low-level cognitive objectives are being me^urcd, it is 
useful to "teach to the test," if the test has been carefully constructed 
* ' to include 'the obiectives of the teaching. If the student is expected 
to memorize a set of facts; the only effective way of evaluating this 
. outcome is to t^^or the studcnt^s kri6wledge of these facts. And jf ' 
•this is the goal the b«« method of^hieving thie 'goal i? tq t<ach the ^ 
facts that the student needs to know. In such a situation there is every 
, ^ JukificS^on for teaching to the test. * 
When higher levels of cognitive learning arc mealed, it is not 
professional to teac;h the specific answers to the question being asked. 
In testing comprehension or ability to judge from external criteria, if 
the student is given the specific examples used in the test and taught 
the proper responses, the test^items are dropped to the lowest cojgnitive 
level of inemorization of information. , 0 

* . HWevcr, it is perfectlw permissibic--even dcsirabIe--to use 

examples and ask similar' qu^«jB in helping the student tdiieve higher 
cognitive goals. There is some evidence that failure of^stodcnts to 
respond satisfactorily to measures of higher, cognitive processes may 

\ .0 not always be due to the inability, of- the sgkdents.to carry on sucH 
. • « processes, bht mJy be due (o a lack of fanliUarity with the type of. 

answers being expected. -V^j - , ' 

Another weakness of the. testing program in man)4syste!s5^k4ic^ 
failure to feed the information resulting from the test back infiS the 
• ' learning system. Feedback that results in modificatioh^of the Iqaming 
system is the ou\^ effective way pf improving the system.' 



, < 



ERIC 



Physical facilm^s _ ♦ . ■ ■ a- ' 

The physical facilities of the system must not be p<jrmitted to . 
dictate the le^ing techniques" that can use A The opposite js trtjei, 
Ths learjTmg^vironment that is needed sMuid dictate the' character| 
liics of the physical system. The Suggestior* for f>hysical facilities th* 
follow assume' that the *mirfimum tieeds 'of space, temperature, and 
lidhontr' are p^o^^c^. The suggestions are, intended to be examol^s, 



rather than an^xh ustive trbtment of the subfect.^-^ 

' ' 1- I ' ' ' L ■ • , * ■ « ■ 

I, Space AUocatiQri. In'planiiing science facilkfe, adequate> space for. 
-storage and experimental- pro jcgais often Jgfegletted. Many,eqdip» 
ment set-ups nee4, to be l^rbm^ne daj^ to the next, and such 




Preparins for md ImpIaneTiting Cbsnge 

items need to be .proteifed from the overly curious student. 
Another area of concern is adequate and suitable* storage space for 
corrosive chemicals. Such chemicals can do\ hundreds of dollars of 
damage each year if they are stored in the same room with scientific 
equipment. Also, goring certain chemicals - together can create fire 
and explosion hazards. Another hazard is the "dead end" ^ork 
space in a chVniicSl laboratory. Every student needs an alternative 
exit in cast of an accident. 

Visibility. It is important for safety, as well as for liability Reasons, 
for the teacher to be able to- observe the students at work as ijiuch 
as possible. Adequate visibility will also help reduce loss and dam- 
age of cquipnjent, by rpaking it possible, to observe carelc^. pro-t 
ccdures. The use of glass partitions is one effective way of 
providing visibility, . - 

Usable Equipment. It Is better to use equipment made from cans 
and plastic containers tl^n to use equipment so fragile jhat -cjic 
students cannet4)e permitted to haSSdle it. There is a place for 
teacher demonstrations, but th^ should be the exception rather 
tlian the rule. It is importgnt for^cach student to be involved per- 
sonally laboratory work, rather than mferely being an observer. 
The Media- Center. Often, science planners^ do'^fiot consider the 
media center as a part of the science facilities. A library <\^hich has 
^nly. printed resource materials and is open only during specified 
■ours is an outmoded concept that does not fit into a well-designed 
learniag system. Visyal materials should f^d available as well as 
printed materials. Space and facilities for viewing films and film- 
strips, and for listening to tapes should be available to thq individual 
student when needed. A student should be free to move from the 
laboratory to the media center whenever he or s^e needs to look up 
information or to view materials related to the laboratory exercise. 
A good test of the flexibility and effectiveness of a school system 
is the extent to wiiich students are permitted to use the media 
ccntei:, and the Freedom they have to use it when it is needed. 
Outdoor Facilities. Good^^ence is found outside the school build- 
ing as well as in the laboratory,, A nature area near the school is 
most desirable, but many alternatives exist when a suitable center 
cannot be esjtablished. There are many plants and animals in a 
normal environment on dty streets, in crevices in the sidewalks, and 
in vacant lots. None of these potential sources of investigation 
should be neglected, Arp science teachers barred from taking 
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infomial field trips during class4iour§? This is a,typical example of 
' a situation where the system is organized for the convcniqticc and 
security of the monageihe^jt compo/icnt, instead of orgamzing the 
comix)iicats to meet the needs of the s^dcnts. * ^ ' 

6. The ^om^ The home, can be a useful adjunct to^ tl^ sddicc 
, laboratbry. By suggesting ^e, interesting experiments as home- 

work, is perhaps possible to steer students away from dangerous ^ 
i or disruptive science activity wjiik incf ^sing motivat&n and 
teaming on the part of the student. By structuring the homework 
experiments, fene oarf teach caution and common sense which aic 
worthy objectives for any-science progranx 

7, Student R^ponsibility, One of the mqre knp^rtant lessons for every • 
student is orderiinc^. If tl^ teach^ has to dean up after a lab, this ^ 
is evidence of a weaknc^ hi the management system. Unless the 
student is willing to accept responsibility for the condition of the, 
laboratory and its equipment, he or she has not yet fcamcd frecjlom 

to use the laboratory. A *vell used laboratory is never spotless— 
neither is it a junkyard. There is. a middle ground between. a 
spotless (and unused) laboratory and a janitor*s nightmare. 

Time and cost factors . , , . ' 

The program outlined is idealistic and ambitious. Both time and 
money must \>t expended to piake it work. Some, districts have spent 

>hoBsands of dollars and rtiany houi?5 on such projects wdth questionable 
results^ What can a small district, or even an average sized district, 
hope to accomplish with limited time and funding? ' ^ 

In the first place, money, and rime will not make a program. Also, 
a program cannot be accomplisHcd overnight, or even in a single year. 
The program suggested is a continuing program, with the initial steps 
covering a three to five year time span. In this dimension, the time ' 
ar^d costs can be spread over a longer time period, and the prospects 
for accomplishing the progrjim are enhanced. 

Secondly, witlVa broad base of community support, outside time 
and funds, can be found. Often, a Waller community is more willing 

' than a large suburban or city system to provide such supponTTeachers 
will be willing to contribute their time and efforts to a project if they 
are reglly convinced that it is worthv^hite. An administrator who really 
believes the project should be carKed oa will find some funds to keep^ 
it going. iTie support and cooperation of everyone is more knportaht 
than large sums of money. ^ " 



^ ' . ^ I^eperingf or emdimpiementmg Change 

Teacher time • ' . ' ' ' , 

The most difficult probldn is finding the teacher time and support 
for the project. Teacher time has tiecn^found in many ^crcnt ways 
hi various ?ommumdcs,-Some of the techniques naw in actual use 
were considered imjjiossiblc a decade ago. The advisability of some of, , 
the tcdhniqu^ have been questioned, but cjjch of thera has proven 
■ effective in "at least one community. Some of the technique are: 

I. Enfisting the aid of sci«itists and engineers the conununity to 
teach elates and free the teachers for other things. . ^ 

2i Enlisting parent volunteers' to assist with the school program. 

3. Using teacher aides or student teachers to work under teacher 
guidance, but with more than customary responsibility for word- 
ing with students. i ^ ' 

4. Shortening the sch$il welk to 414 (lays, with the approval of the 
State Departoient of EdudStioi;., 

5. Developing/fedependcnt study progran^ for student. 

6. ''Doubling up" studente for large group instruction. ^ 

7. Having administrative and/or ipervisory personnel take over 
classes for teachers: 

8. Hiring substTtute teachers. 

9! Using programmed instruction or other techniques for ^ elf-study. 
10. Hiring teachers to work during summers or week-ends on the 
project. 

II. Asking the teachers to work overtime. , . ^ 

This last technique is all too common. It is undesirable, and will 
undermine teacher morale unless some form of compensation is pro- 
vided for the extra time spent. Also, by' the end of a busy school day 
or ^ck, teachers are usually too exlwusted to do good work, or to. 
accomplish worthwhile outcomes. ^ 

Student ti7ne '\ 
When considering time foi^a program, and time fpr teachers, let s 
not ignore the tinje needs of studeijjs. How often has it been necessary 
to i)^' an experiment short because the end of the class perioa is 
approaching? t)o students turn learning on and off with the ringing 
oS a bell, like Pavlov's dogs salivate? Is the class 'schedule organized 
, for efficient learning, or to give each teacher -arf equdl share of the 
Student's time? 

A rigid time ^fchedule for students is a necessity for good 
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management. Many school systcmi are using flexile scheduling suc- 
cussf ully. Flcxibl^^h^duling may be more difficult to plan and manage, 
but marly educators think that it mak^ a valuable contribution to a 
well-designed lear^iryasystlem. 

Another area wnere student time is a problem -4s the semper 
s>^em that tries to fit every 'student into equal time schedules in 
learning. Two learning v^riabl?^ are tijne and the quantity learned 
If one of thfee variables is held constant, wi^h a representative group 
of students, the other will fDlk)w the normal curve. In d^gning the 
learning systcm< we must ask oifrselves whether we want to hold time 
constant, and penjiit the amount learned to follow^ the normal curve, 
or if we wish to hold what is to be learned constant, and permit the 
time needed to follow the normal curve. Perhaps neither of these 
variables should be Held constant for many students. . 



^ It was mentiaocd that tliero is ah irreducible minimum^ funds 
, ^that arc rdi^uircfi for developing a science program. Tfi^ funds are 
needed for xnaterials, staff development, sometimes to pay teachers or 
substitutes, and perhaps for outside asii^tanpe. The amount of concern 
' ^hat an administrator and school i)^jard has for improving educatipn ^ 
' can- sometimes be measbrcd in dollars. Unless the community is willing^ 
tQ..li^&t>^he ' administrator include a continuing^udget line for%tafF 
/^developmcw^nd curriculum improvement, tithere is little incentive 
/ " for the ^upervis^r and the teachers to be concerned with injproving 
instniction. ilappily, most districts have such items in their budgets. 
Sometinrite the proBiem is to get the funds aligned to the project t^ing 
"* planned. This i^ wheh a resourceful supervisor and a good publidi ^ 

relationsprogr^incan-teof great service. , , 

conclusion ^ , 

The suggestions in this chapter are nqt a blueprint for curriculura [ 
cha;%e. A viable curnculum plan must be designed to meet thfe nccc|s/ 
of a particular sj^^em, ^nd . every /sj^em is unique. Educational' 
philosophy, community support, availability of funds, teacher interest^il 
student interests, administrator's attitudes, and the su|3"fervisor's ingenui^t^ 
are among the many Variables that .make each situation unique. !<j'f 
Not pnly must a specific plan be individually /tailored for c^^f ^ • 
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^ PreprnngfGrmdlmpkMjntmgCb^ 

^^stcm, but the plan must be flexible, ind subj^ to rc^feon again 
and again as the project progress^ A systems approach, to curriculum 
development forms the framework on which a ^dablc program can be 
built, and the supervisor is one of the vital factors in the systems 
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Implemdnting ^uTiculum Changes 

■ ■ - - ■ . ■ ,^ ? 

Charlfrf^ Bijtterfield^ Science Coordimtaty Ramsey Pu^^Ik Schools, 
Ramsey, NJ, . ^-i ^ 

The purposes of this chapter arc to clarify what is meant by imple- 
menting curriculum c^n^s, to exaniinc practJIcs of implementation 
ill current use in schopls, to offer guidelipps for implementing pro- 
grams, and to take a position stand on the valpc oi strategy planning 
in implementing curriculum changes. 

When a ti^cher, a department,'' a school, qr a scIkk)! systepi goes 
about planning for a change in curriculum, there are two basi? steps'* 
in malking this change. The first step is the - selection of the new 
program;' the second is implemcntatioft, or installing the selected 
program. Mahan has defined curriculum installation as: » " 

The planned mirodiation of instructional programs into schotfls with 
explicit expectations that the program ivill be taught on a regularly 
scheduled basi^iuill be taught to promote teacher and pupU behaviors 
* congruent vMu^he goals -'of the adopted program, and ^iriW^ remain 
'the accepted and routinely used pistructional program of the school 
uptil another curriculum 'with gre'atef potential for meeMng district 
needs has been systematically identified and introduced, [9] 

Guba divides the system of ciu*ricuium development down into more 
than two stagesjc 

1. Research , , ^ 

.2. Development (includes Invention, Design, Equation) ^ 




hnplememmg Qtrrkul^ Cbanges 

3» DifFuaon (includes Dissemination, DmbnstM 
4. Adoption (includes Trial, Decision to Adopt, Installation, Institu- 
tionalization) [6] 

This chapter deals only with the implementing, or installing, phase 
curriculum development * 

' Implementation is often the downfall of an excellent c\xrricu]um 
selection. Eiss states: ' • , - 

Curriculum development is relatively easy when compared ivith fwi- 
plementation. Heachers are often individualists and da not accept orders 
^without off &rrng resistance. 'Many of the older teachers have been 
through several cycles of ineffective cmriculwH revision, ^md hm;e 
developed a qmet, Put firm attitude of passiv^resistintce when curricu- 
lum changes ^e planned. For this reason^ the supervisor shotdd con-- 
sider the problem of implementing;' currictdum^ change as a selling job^ 
rather than attempting to take (pi authoritative approach. A curriculum 
plan veeds style and character in order to ivin the coopehtiori of the 
teachm'arid the community. Any 'worthwhile goals require continuing^ 
cooperative effort^ and it nDtlltake a well-plumed, carefully structured 
program to obtain the^^ntinuing cooperation that is essential J or the 
success of any project. (3)^ , . 



Current statics of implementation ^ 
^- Some schools make excellent curriculum ado^rions'^t then jisc 
poor implementing strategy. For example, Sch^^ol A develc^ped an 
excellent course of study in the ar^a of, clemtn^ftry s6cial studied l?ut 
turned the program over to the tepchers without inlplemchtation 
strategy or supervision. The Tcsult of this adoption was failure in two 
yegrs. Friedman raises the same ^question in regard to the imptfemen-' 
tation of curriculugi guides:^ ' ^ 4 

It is generally thought ^hat if .cmriculum jj^ides are constructed by 
the total, body of teachers^ they are motj^^ppt to be used by them. 
There )s Both fact and fiction in . ibis assl^pptipn. For one thing, the 
development of a cinricidum guide b^^llj-many people of varying 
opinions "must represeiit a certain amounii of compromise. Whether or 
not th^ compromises are actualj^jtmpU^iented in individual class- 
raoms^is^pen to questio7L [S] * ' !0l * ( 
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School B selected a nationally developed elementary science program 
but offered no regulated supcryisioij, or coordination- and gave the 
teachers only one brief orientation sesdon supplied by the publis^!^ 
of the project. Tlib result was continuous problenis, disscrition from 
the teachers about the program, and near failure. After a call far help, 
a consultant was hired and itnplenientation strategy was initiated 
Today the program is progcssing satisfactorily, \ 

Implementation can be difficult even Mrhen i line of ^rategy is 
utilized. Trump and Miller have written: X * 

Well'^mectning teachexs and adrmntstrators^ in the very process of 
starting irmctvitio^s and .experiments in their schools j may create 
barriers to further currictdmn improvement, for instance, they may 
fail to recQgnize that a systems approach ts essential in educational 
change. ' * , • . ' ^ * 

The most rntportant mftfter of all during the $rst year of change is. 
close supervision \?f the teachers involved in the new program, i^he 
principal rmist change his onmi priorities atom how he spends his time 
and energy. . , ^He has to concentrate on the rmprovement of instruct 
tion, ^working 'with groups invoDi^d in change. Teachers do not changer 
their teaching methods easily, nor do students change, their learning 
habits easily., 'To facilitate 'the process, th^ principal (or supervisor) 
must ask Tnany difficult questiom, helf to find answers, point out 
things that are bein^ done rncorrectly^ and suggest how to improve 
procedures. He mmt work continually at evaluation. [14] 

Gordon MacKenzie has summarized well the history of imple- 
menting curriculum changes. His descriptiotv5Carts with the demon- 
stration techniques ^f Pestalozzi in the late 1700X and traces them 
through to tiie pfesent rime. The cjiange, over this periodjof til^ie, 
seems to be from the past when experts, disseminated new programs, 
usually by demorlstjation, and the user made the most of what ^ 
or ^^^olild pick up by a sort of procc^of osmosis. Today, there is 
evidSl&e of grdup planning and dissemination. Thfjse implementing 
groups utiHie the combined efforts of coi^ent experts, methods spe- 
cialists;^ psychologists, administrators, supervisors, teach^ and students 
and parents^ These new forces and techniques give ris^ to new 
strategies, [8] * ' ' 
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' ' ' . hnplernevting CwriciiltWi Chmges 

To. most authorities in the implementation field,' strategy is the 
key to succC^. Maqicenzic defines strategy thus; y ♦ , ^ 

'The tenn ^^strategy^[ is used to indicate the means ivhich are used 
both to create curricular iiinomtiom and, to 'facilitate their me qfi a 
cbntiTmng basis. ^ > ,Jtti one se7ise Ihere is nothing nev) in the concept 
of strategies for planned curricular' innovation^ although the use of 
'^strategy'] in -an educational context rnay be of recem^.origmj [S] . . 

Many researchers, offer -^guidelines' for implementing strategy 
tcclviiques. For exalnple, Lawler lists twcrity-onc guidelines "for devcl- 
/oping strategics to introduce ' planned curricular innovations. [7] 
"Allen and-Fantini offsr fiBxher suggestion^ for successful itnplemen' 
tation with emphasis on inservice teacher trainings Hv^]; this viewpoint 
is shared by t'yJcr. [15] Additional str^' oa the imfK)rtance of 
''strategy in impleihenting is given by McNally. [11 ] When an analysis 
is' made of curriculurrt failures,. both past 'and present, thp failure caji 
quite often be traced" <q a lack of adequate implementation strategy. 
The iise of a^ratcgy might havq saVed these programs. ^ 



Suggestions for ifnpIeTnenting strategy 

A planned^' strategy is needed for successful curriculum Imple- 
mentation. Tlys section discusses two systems devised by^ others and 
then some G<)iiiment.s by this^ author. The first set of guidelines to be 
introduced* ^ suggested by Mahan as a result of his impleuientation 
work with the Eastern Regional Institute |jfor Education (ERIE), tn 
intiQiWcing his guidelines; Mahan w^rites; , . ' . 

jSuccessf^il introductions of curricula are very possible, very demaifd- 
hig^'^^aifd very ''r^iesYy^ little will happen as a result of speeches, ^ 
articles, and exhortations. Work On the part of the curriculum pro- 
ponents' is needed — longitudinal wo fk ^^out thjcre'' in the presence of 
teachers and phpils. If a fask'Orientcd4^siallationJtrategy ii ste^ad- 
faitly implerftented by a task-oriented change *agent(s)^ the prognosis 
f or externally stimidated curriculum change is excellent. . , . Guidelmes 

/d^ived ff am case st74dy are needed for initiating, 'supporting, moni- 
toring, and sjtstaining c&riculum installatiqns^ if 7t€w curricula are 
to ke more rapidly and more effectively utilized by the Nation's 
schools. [9] ^ , ' ' • 
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jVblun's guidelines can be summarized into tite following strategie$: 



L * Begin a curriculum installation only after s^dfic written agree- 
ments, cl^ly describing participant roles and responsibilities are 
acfccptcd, ' i / 

1 Construct a strategy for curriculum installation, complete with ^ 
distinct components and appro?timatc implementation dates, and 
foIloW die strategy from the start. Do qot attempt a "we'll work 
it out as we go along" approach. , ; ^ 

3. The school district must invest an aS^quate. amount of fUnds to ' 
implement thcLprogram. . . . 
^ 4. Make surc^tl^t tcacl^ • scheduled in any piloting - personally 
volunteered to participle. Often teachers arc "vpluntecrcd*^ by 
.fk eager admihistrators: ^ - , 

5, Make sure- teachers and principals are familiar with competing or 
alternative programs. A program must meet local needs, 

6.. Do not attempt curriculum' installs^idn unless jcurriculum gui4cs 
(software) and all required equipmeat. (hard war?) are available 
to teachers at the beginning of the sC1kk>1 year. 

7. Provide intensive inservice wqrkshQp program for all personnel 
involved in the progra^ji, including sclFibol administrators. 
- 8. Provide a consultant or coordinator to give help and to^ovfersce 
the* program. 

9. If possible, utilize more than one teacher for each grade level or * 

s^ubject areal Change is better accepted when shared amoi;g teachers, 
10. itJsist that schools make formal provision for periodic, planned 
faculty assessment of curriculum implementation and resulting 
student achievement. Do not assume 'that a meaningful analy^s 
of^n on-gding new effort will occur automatically. 
IK: In a large school sVstem, include at least one subject matter 
specialist or supervisor in the following phases: planning, selec- 
tion, preparation, implementation, and e^^aluation, 

12. If available, provide participating teaxfhets wjtb livfiyjQj/ filmed 
models of the instrucrionij methodology used in the new program. 

13. Evaluate the program carefully. Do not depend on m>^h, attitudes, 
verbal claims, and undocumented publicity. Make sure ''the 

* program" is being taught and learning is taking place, 

Maxwell-^d Heitzcg also offer certain guidelines which they 
tliink^romote luQcessful implementation, [10] Their guidelines stress 
communication and rapport among those involved in the proce^: 
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^ " Imple7}ie72t 'mg Curriculunt^bangcs 

.. 

1, The Building. Ad?mnistratof. The Administrator should' know, 
' , understand, and be sympathetic to the program, or she should 
provide support and encouragement to the^ teaching staff and 
provide adequate tifne to the teaching staff for preparation. 
'2. The'T^acher-Trammg Program, Consideration should^be given to 
facprs sfuch as the advance selection and training of kgy people; 
tl)e' thotough planning of the^nservicc program; installing' end- 
^ ofTthe-year orientation programs and refresher brientations 'in the 
• fsm; and in-depth workshops in the methods and content of the 
, . prograiA at each grade level. ♦ 

3, Good CoTrmtmcation. Staff, parents, and students should all be 
involved. ^ - ' , 

4. Evahiatton, Both subjective and objective methods should be 



utilized 



C ^ To^ap off^ successful implementation Thiex^ believes mtemaiiza' 
tion is heces^ry. [13] By internalization Thief implies meiiningful* 
long-term 'implementation of^an instructional program until the pro- 
gram Womes self-sustaining'or is ready for modilication or change. 

For successful implementation, this author would stress the fol- 
Io\^ing points: , ^ ^ ^ 

1. All involved iij impkmentation should h^ve thorough knowledge 
of the cotjtent and methods of the adopted program. - 

2. Coordination and/or supervisijDn of the program is a necessity. The' 
supervisor should have extenc^cd knowledge of. the program.- Super- 
vision i^ x)ften a weak point in the implementation of a program; 
the rcsponsibilit}' is often ddcgated to a person already carrying a 
full load of assignments- 

3. 'rB&ervicc training should bp as <:omfricte as' possiWe. The new 
.--p-rograni shoulii he adec^^ately explained, with hands-on e>&periencc 

for tihose who will be teaching the new program. 

4. Oymnninicarion Jincs should^be developed among all personnel 
itwolved in the program. 

, 5. \ feedback and evaluation system must be established.. 
, 6. /\ svstcni for modification^ and change should be a part of the 
implementing program.^ * ^ " 

7. Possibly most inij^)rtaitt, there must be a feeling of openness among 
^afl involved in the adoption. Criticism, both pro and con, is most 
desirable. The key to success is sensitivity to all involved indi;? 
viduals; this sensitivity must be built into the system of iinnit- 
. mentation. ^ 



hi: 



ERIC 



Section 2: The Supervisor at Work 



Posiiion stand ^ > ' • 

When planned strategy is used in curriculum implementation, a 
gjven adopted program will|)h;>ve a much higher probability of sucecss- 
The program will be better taught, learning outcomes wilt be evident, 
and the chance of longevity for the program will be ihcreascd.^ . , 
Miel points out that implemefttatign must be artfully planned 
or a number of undesirable outcomes may occur. [12] The$;c outcomes^ 
are: ' 



ACTION 

Stability 
Stability 

. Clvange 
Change 
Change 

''Stability"-! 



- No i mplemcntation - 



Successful, planned_ 
implementation 



OUTCOME 



►Stagnation 



Poor or no implementation Chaos 



■^Progress 



The science of /strategy in implementation of curricula k just 
beginning to develop and t^ke effect. Teachers,' administrators, super- 
visors, colleges . of education, and publishers must actively explore and 
utilize systems of curriculum implementation. 
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ivaluating Science Programs 



JanetNvall, State. Specialist^ Department of FtAlic Instruction, Stat^ 
of Dehnoare * . • • 

An intcgfal part of curriculum development is the procqss of evalu- 
ation. Without prions curriculum evaluation, an administrator, cur- 
riculum supervisor, or teacher cannot determine it a particular planned 
learning sequence is meeting the needs erf the student, if the content 
and its organization is yaluabic, and if the' selection of Iteming 
experiences, teaching methods, and instructional media contribute to 
student learning. ■ ^ - 

The sifcc'(^ or failure of a curriculum can be cvaluatitft^ 
the tcsiting of students, individually or in groups. It is throu* student 
flsscssjmcnt that* a supervisor-others evidence^ that can leail^to con- 
clusions on the relevance of' the curriculum to a group of students, 
the broad objectives of a school system, and the needs of society. ' 

Student evaluation should ^pncentrate on three major areas, Th^ 
are: the cognirive domain; the effective domain; and the p^chomotor 
domain. In' past years, the majoflty of student and program evaluations 
lias concentrated in the cognitive area. Currently, some ^ emphasis is* 
being placed on measjiremcnt in the affective area and very- little 
evaluation is being done in the psychomotor domain. Science, as a* 
body of knowledge, a process of thinkfcg or decision-makings and a 
set of skills,^ lends itself beautifully to evaluation in all tiu'ee areas. 
f The production t)f evaluation instruments and the development 
of measurement techniqucs/has led to the ' construction of highly 
refilled standardized tests in the cognitive area- Evaluation, however, 
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can .als5 l5e.adcoinplish€d through- wai-constmaea, tca^hcr-madc tcsts, 
Bofh types of instruments can play important roles- iii the assessment * 
of the goals of a'cuhriculmn and the sifcccss \yith which" the eipiculum ' ^ 
operates. ' ' ' ^ - , ♦ 

' - ■ . * 

Standardized tests « ' ^ , • - \_, - y , ^ 

Within 'the past fifteen years, ov^ 60 standardi2*d instruments 
hive been dcvel(/ped or revised to evaluate student ichi^vcment or 
pirogressjn science. Standardized science tests have been develojfcd iy . 
the areas of elementary science, as portions of test batteries, za^_ « 
single tests in the typical Science content areas found in junior and . 
senior high school, picse tests can be used, to gathcs inforiMtipn C^f.iih^- 
about students on which to base curri^ujui%.^ji6n^s ' jM''^?*^^'' 

Published standa/dized tests are irtesf^rcqiki^ -^^elppec^ . ^ 

studying the contcr^ of ^extbocdcs and curriculum guides Utilizing 
this infofmation, th^-idpertise of science conspltants, and outstanding - 
science teachers who understiand botk science content ^gnd student \ 
learning, test developers can identify tl>0«£_ objectives that are typical 
of most science curricula. Test i^niS are then written and refined 
to/measurc the most wdely accept€|d of th$se objectives. By using a . _ 
smdardized test, the effectivene^ o( the curriculum* in the'school can 
' be evaluated througl^. the comparison of student perfonnance VPfth ■ ^ . , 
national ffornjs. This type of evaluation c^ only be accomplished 
if the objectives of ^ the t^ relate closely to the objectives of the , 
curriculum and the ^instructional intent, and if the nomiing sample^ 
■matches the school population in important characteristics. If thd 
population on which the test is standardized does not match the school 
population, local* norms can be developed. [ 3 ] 

Through studying the \iem responses of the student on a standard- 
izei test, a curriculum dvaluator can locate areas of student (and thus' 
curriculum) strengths and weaknesses. There, are several means by 
which this can be accomplished. If test items are grouped by cognitive 
taxonomy levels [1], an evaluator can deterijiinc the percent of suc- 
cessful responses in each of these categories^^a^d will be able to get an 
approximate idea if the curriculum is conducUe^to high level mental 
sophistication in student thinking. Several of the test manuals that 
-^accompany stanc^i^d tests key each item by 'taxonomy level for 
"those tliat wish tcfperfbrm this type of evaluation. ( 
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Section itTbi Supervisor &t Work 

, '"Ccst items din b« studied, by contp«f^«upiags to gather rcLatcji 
evidence of sti^ent achievement, Wh^n a lar^ number of items arc 
available, test question^ pan be ' categorized by bontfaf and uiixi^ by ^ 
cognitive levels- within ;contcrit: This^should be done <o check on 
cognitive response jpstttcrris .on^ dififorcat units of a subject by- the 
students taking tKfe test y ' ^ 

^ Whtn piloting* a ncwVufriculum- ki* a school, standardized instru- 
ments can be used fq'comparc achievement i?f th^ students in the pilot- 
group wjth those in ^e conventional 'science class, it should be 
remcmb^ed, bowevcf', that the objectives of t^e pilot curriculum' may 
stress olwectives qd^er th^n student achievement on typical science 
content, yf no significant ^ff ercnces between the sccft^es of these 
groups occur^ t)r the pilot group jper forms better than the conyentional 
group, evi^ncc would indicate that the pilo^ group is performing at 
leas* as well as the comparison group in terms of th^ objectives which 
the test measures. Subsequent evaluation should be done on the other 
pbjcctives that the pilot program purpons to accomplish or on the 
instructional goals the teacher wishes to reaqk This may be done by 
gathering it^ormatlon on student attitudes, student skills, understand- 
ings of science 5nd scientists^ the processes of science and so on, . 

At the end of thi^chapter is a list of standgrdizod science tests 
(Math publishers) that t^ay be used for >evaluation purposes for pupils 
in elementary and secondary schools. Before sjpch tests arc administered, 
the examiner ^ould r^fer^to the Seve72th ^Mental Measitrcments Year- 
^qok [21 and Stand^dized Science Tests^A Descriptive Listing [8] 
for reviews of these/ tests (l3ublishers' addresses are included in both). 
After checking the^e reviews for a preliminary selection of a standard- 
ized test, order a specimen set of the test jQ^udy the items, the 

'^oriog techniques, and test score interpretation as vvell as the goals 
or ot?jcctives the test measures. 

Many of the developers of -the presently u^tiized curriculuin 
projects have seen the need to^ constjbiict tt^ting instruments whicli^y 
measuri the particular objectives of that curriculum. These developers 
have felt that, sincc.i^ these projects purport to lielp s^dents reach 
objectives different from those feund in a typical science ^qouAe, a / 
test must be developed to^ measure the achievemerjt of these goals.> 
Many o^these .tests are accompanied by nonnative and item analysis . 
data gattiered on students that have utilized the particular project. 
Information of this type can be very helpful to curriculum developers 
and evaluators, \ . ^ ^ 
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*? ' Evaluating Science Program 

Teacher-fkade tests ^ ^ # 

' Well constructed teacher-made tests will "provide similar informa- 
tion to curriculum evalu^ors. The reader is referred to The Specifica- 
tion arid. Meantrernent of Learuing Outcomes [5] and Educational 
%Ieanirenfeni' [I] for guidelines on proper test item construction. 

of utmost imf^Drtance in test .con$tructidn for^ pupil or program 
evaluation is the balance and reievange of the total test. Relevance 
refers^ to the closeness of the relatioryihip between the objectives ai«d 
the content area of the test "and tha objectives and content, area of 
clai^room instruction. Babnce deals with the proportion of ^phasis 
of the content objectives of the test and their relationship to this 
emphasis in instruction. Helping to insure the construction of a 
test with these characteristics is done in several steps. First, the objec- 
tives that students arc to meet must be written in performance temis. 
Next, by analyzing the goals of instruction, a table of tcs^specifica- 
tions is constructed* This is a chart thar relate' the percentage of 
instructional time spent by cognitive level and content area. After the 
teacher Seconds this dat^ test items should be written to reflect this 
table, (For e?iample, if 15% of the instructional time has been devoted 
in the content area of zoologvjjn the cognitive le^l of cpmprehenspn, 
the test items should reflect this percentage as iplosely as possible.) 
Fach test should match the goals of instruction and what actua^ 
occurred in the instructional process. A test possessing the qualities 
of balance and relevance wiU-help the classroom evaluator in monitor- 
ing the success of the instruction, instructional materials, aitd student^ 
achicvxn^nt. 

Cognitive achiever^ent should not be the singular goal of pupil 
progress, instruction, anc^he curriculum. Xreas such as the affective 
an^ psycFiomotor domains sKbuld" als6 be analyze^. The^fFecrive area 
deal^' with the attitudes, belief?, intercuts, and other emotional re- 
sponses of the indent to the environment. The science curriculum 
can play an important role in developing stable attitudes and values 
in our technologically stimulating society. Although measurement in 
the affective area is presently being delineated and refined, few instru- 
ments are available for assessing student interests, beliefs, and attitudes. 
The reader should refer to a document published by the >Jatibnai 
Science Teachers Association^ entiried Behavioral Objectives in the 
Affective Domain f4h ''The Present Status of Science Attitude 
• Measurement: History, Theory, and Availability of Measurement In- 
^strunients'' [6] (which lists published and non-published science 
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• section 2: The SupervisJgt Work v) 

'attitude^tistnimcnts); and. ta other science cducatic«i research . ^vi|Lls. 
in order to identify, the instruments tha(t are ^rc^ntl^ used, A ^dy < 
of some of the inst^raeilts^ound in, these sources ttia>j be help^ as 

■ md^eb in preparing attitude instruments that -^particularly ^cful 
*" fpr an individual school or clasM-oom. The attitude in^ruipeht w^^^ 
- the forhi of questionnaires, checklists^ interview schedules, and'iiting 

■ scales^ . ' . ' ' - ^ " % ■ 

Though paper^ and pencil instruments are .commpnly usc< 
. accumulating mf^imiation about. student attitudes, 9ther less f 

• .methods may be' usetJ. Observing tt^ehaviors of students maj 
a teacher^ great deal of infonnation about student attitudes as thj _ 
effhibited when they participate in clss^^iscussions, vfbrk bi|jlldi- 
vidual or group projects, and engage in classroom experimentati)n or 
other activities. Information on srudfent 'attitudes can also be^^erivcd 
by the use of inquiry. The dgta on student, attitudes is availabl^r^o the 

' tkacher merely by asking. A wise teacher will -use caution in apiplying 
this technique because often a verbalized attitude, interest, or <^piAicJn 
may be exhibited differently when the student is confronted vfith an 
sxpression of this attitude, in a realistic situation. The inquirj jjrocess, 
therefore, should be confirmed hf careful observation. 

Perhaps the most critical area in which a (science reached, should 
^^ncentrate is in the promStion of attitu^ changes. Charaeteristics 
such as opcn-mindedness, verification of experimental results^^an 
valuing the work of science and technoiogy can be changed through 
the observaoce of th^ classroom ' teacher as a model of these <:har- 
a^cteristics, and through the opportunity of the student.to relate ^ience 
to the workings of socfety. These attitudinal chang^ can be detected ^ 
.through properly constructed instruments, observation, and inquiry. 

The -laboratory or investigative enviroriment provided in the . 
science classrfK)m lends itself ^o the obseryatijon of the manipulator)^ 
skills o£ students. The psychomotor domain has had little or . no 
emphasis in student or curriculum evaluation. Perceptive teachers can ' 
contribute a great deal of information in 'this area by studying the . 
sldlls of students during manipulation of laboratory equipment.. Here, 
systematic observation techniques can be employed aloUg witH teacher- 
developed checklists or inventories to assess skiljs artd psychomotor 
activities of students. Usirt^'these methods, the teacher can determine 
the amount of confidence a student -tises in performing a scientific 
task and can assess the improvement of mampulatiire skills through 
observing increases in "efficiency, complexity of movements, "and 
smoothness of the task pe^ormance. 
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Evalm£ing Science Programs 



Curriculurii'and student valuatio^ should not be limited to tlw 
common methods^'of t^ng, nor should only one method of testing 
he used. Direct abscrvation, intefvievvs, and qucstiqnnaif^ can all be 
used successfully,- glonc and in combination^ with other instninients, 
to supplement decision-wiping f^r determining the effectiveness of 
tAe science ci^rriculum and it* total impaction student characteristics 
and behaviors. 

Evaluation is critical to the development of a good science^ cur- 
riculum for school, a paxi^ular cla^oom, or mdividual stuldenL 
^Without a serious attempt at evaluation,, we arc only paying lip ^rvicc 
to providing the propef^ science curriculuni for our students. 



' , ELEMENTARY SCIENCE TEStS • 

Bomtann-Sandcrs Elementary Scierfce Test. Bureau of Hducational Measurcmcats, 

Kansas Stut^ TeachcJrs College, 
The ButleVLife Science Concept Test, Psychometric Affiliates, 
Educational Development Scries-r-EIemcntary Levels-Science. Scholastic Testing 

Service, Inc. " ^ 

Metrop<>Htan Achievement Tcsts—Intennediate— Science. Harcotut Brace 

X Jovanovicb, Inc, ' 
Minnesota High School Achievement 'Examination— -Science — Grade 7, American 

Guidance Serv^ice, Inc.- 
Minnt&ita Tiigh School Achievement Examination — Science — Grade 8, mncrican 

Guidance Service, Inc. 
Scquentiat Tests of Educational Progress— Series 11 — Form 4. Edocational Tcs^ng 

Servrce."^i 

Sequential Tests o^ Educational Progress — Series II^Fomi 5. Educationa! Tcstmg 
Service, - . ' 

SRA Asvscssn^cnt Survey— Achievement Series — Science, Science Research Asso- 
ciates, Inc. ■ , 

Stanford Achievement Test— Intermediate II— Scii^nce. Harcoun Brace Jjovano- 
vich. Inc. \ 



i . SECONDARY BIOLOGY TESTS 
. • $ 
BSCS Comprehensive Final Examination. The Psychological Corporation. 
Cooperative Science Test — Biology. Educational Testing Service. 
Entporia BiolQgy Test. Bureau of Educational Measurements, Kan^ Sute Teach- 
ers College. 

General Biology Test. Psychometric Affiliates. ^ 
-'MinnesotjyHigh School Achievement Examination— Biology. Amencan Guidance 

Service, Inc. ^ 
Nelson Biology Test, tlarcourt Brace Jovanovich, Inc. 
Processes of Science T-est. The Psychological Corporation, 
Tents for Patterns and Prode?Lses. The Psychological Corporation. 
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SECONDARY CH^ISTHY TESTS ^ . 

ACS-NSTA Cooperative Exminackm in High ^od Qiemis^. EMmtnatfottt 
Comifiittc^ AHaerican Chemical Society, . v 

ACS-NSTA Coo^tive Escaminaticm in High Scliool CKSnistry (Advanced 
Level), Examin;itioiis>pjnimittce, American .Chemical flbpictjr. 

Andcrsoa-Fisk ehahisdy Harc<Hu:t Brace Jovanovich, Inc. - * ' . 

Cooperative Science Test — Chanistry. Eiducatioi\^ Testing Scrvke. j 

Empyia^ ^emistry Test, Bureau of .Educational Measurements, ^Kans» Smt& 
Teachers College, • / / / / 

General Chefnjstxy Test. Psychometric Affiliates, ' #^ " * 

Minnesota High School Achievement E>i^mination^^^-"C^einis£ry; American 'Guid- 
ance Service, Inc, . ^ ? , ' 

Y ^ SECONDARY GENEltAIy SCIENCE TESTS 

Adkins-McBride General Science Test. Psychometric Affiliates, 

Cooperative Science Test — Advanced General Science; Educational Testing Service, 

Educational Developmoit Serks— Senior J^vel Science. Scholastic Testing Serv- 

4:e,^nc. ^ 
Emporia Gen^I Science Test, Bureau of Educational 'Mea^irements, Kansas 

State Teachers College. - 
Fundamentals Evaluation Test — Science. Steck- Vaughn Co, 
Metropolitan Achievement Tests — Advanced Science. Harcourt ^race JovatH>yicht 

Inc. - . 

Metropolitan Achievement Tests — High School Science Test. Harcourt Br^ 

Jovanovich, Inc. j 
Read General Science TestvHarccHirt Brace Jovanovich, Inc. 
Stanford Achievement Te^^Advanced SciciKc Test. Harcourt Brace fos^no- 

vich. Inc. JT^ ^ ' T ' ^ 

1 Stanford Achievement Test — High School Science" Test. Harcoun Brace Jovano- 
^ vich, Inc. \ 
Test of Science Knowled^. The Psychological Corporation. 

SECONDARY PHYSICS TESTS 

^Cooperative S<jjence Tcsi^Physics. Educational Testing Service, ^ 
Dunning-Abeles PhyspaOVst. Harcourt Brace Jovanovich, Inc. f 
Genera} Physics TpsfTpsychometric Affiliates. ' . 

, Minnesota High School Achievcrnent Examinations — Pti>'^ic^ American Guidancf 
Service, Inc. 

■ . ^ ' ^ 

OTHER SECONDARY SCIEI^CE TES^^^ . , 

Iowa Tests of Educational Envelopment — Science. Science Research Asociates, 

Inc. * ^ ^ * 

Minnesota High School Achievement Examination — Science Gride 9, American 
y Guide Service, Inc. " • * 

Science Tests-i^^lontent Evaluation Series^Physical Science. Houghton-Mifflin 



Company. I 



^ Sequential Tests o^ Educational Progress— Scri^ II — Form 2. Educational Testing 
Ser\'ice. 

Tests of Academic Progre^. Hoaghton-Miffiin Company. 
Test on Understanding Science. Educational Testing Service. 
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Getting Materials Into ttiacliers' Hands 
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Gaxy Huffman, Supervisor- of Inter group Rehtions^ Title VII Pfograms 
and Service^, IndimiapoUs Public ScbooJSj Indirniapalis^ Ind. 

■ . ■ „ c 

From February, 1971 to August, 1974 the Science Supervisor, grades 
K-12, for the Indianapolis Public Schools and two assistants attempted 
to implement ESS with approximately 48,000 students in grades 1-6 and 
rSC^ with app^oj^im^tcly 16,0<X) students in grades seven and eight* 
Needless to say, they had to get many science materials into the ' 
-fiandsof teacl^rs. 

The mechanics of getting the right materials to the right people 
at the right time is not a strange and mysterious process. General ' 
Motors and other large corporations do ^ go^-^job of it. Thvc arc 
accounts of h6w school sy^etns in Colorado and Virginia provKied' 
elementary teacThefs with science materials for activity-based sciaige 
programs. These school systeqis used the kit distribution approacb- 
They loaned kits out; to teachers and Had the kits' returned to a 
central supply center where the' kits were i'efurbi§hed before being 
sent out again. To keep' the cost of kits down they attempted to buy 
as many items as possible in bulk from local distributors, ' 

In Indianapolis this approach was not used for distyibud^ mainly 
because funds were nOT available to hire personnel to operate a kit 
distribution center. Instead, original fcrts were sent to remain m the 
building, and teachers were provided Vim order forms by wluch tiiey 
could order Idt replitements, at the beginning* of the fall and spring 
semesters. The staff filled these orders over the summer and' at the 
beginnidg of the spring semester. Ihc r^t of the time in the school 
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year 1t£as used to provide on-^jing, inservice traming' and trotibic 
shooting activiticis, , . . ' * , i ^ ^ C ' 

ThLj^ef dverall sketch of how|natenals got into teachers' Wds 
might be more undcrstandaUe if. tl^ answMS<<o^ die following often- 
asked ques^ons are given. 

Q~OWouldn't it have been less expensive to lam kits to teachers? 
For example, if different teachers used-different Idts at different ti^nesj 
so many kits would nqt luvc to be bought. / 

/1-7-One kit for (every three tcachcas in* a buikSng was provided. 
The*teachers in the building swapped |dts and this kept jdqwn the 
number ofi- kits which had to be bought These teachers would somc- 

• rimes get a kit and an itan would be missing that had not b^ 
planned for in the previous scme^cr's ordering, A phone call to the 
central office woulcf get jthis mksing item on its wgy to teach^ 

0— How in, the wod4 did you provide inscrvicc for all those 
teachet^intheuscof E^flfdlSCS? ^^ 
. A^Jq get and ISCS off the ground, training was provided 
ij\ the summer of 1971. It was impossible to train all 1,350 tochers of 
grades 1-6 in the use of ESS, so t€in primary (grade^ 1-3) and ten 

* intcynjcdiate (grades 4-6) teachers were trained from each of the ten 
areas in our school district Thcs€f teachers were called ^Tlesource 
Teachers/' Throughout the school year the Resource Teachers pro- 
vided inservice training for teachers in their -buildings. The Resource 
Teachers wc;re the link to each school and could advise the central 
staff , of problem areas so that they could be alleviated. 

Inservice meetings were held throughout the year for Rcsomrce 
Teachers aftd any other teachers in the system ^M^p cared #o attend/ 
ISGS Level I was implemented in the ^97 1-^72 fchopl ym for both 
seventh and eighth grades; Level II in the 197Z-71^ool ye^. During 
the summers of 1971 and 1972, inservice training/was held for tochers 
in the use of ISCS. As widi ESS, inservice training was provided 
throughout the year in ISCS for those teaj^ers willing to attend. 

iWrGraw Hill and Silver-Burdette provided consultant help for 
. training purposes in the summer and throughout the school ^ year, 
Manyteachers were also able to take advanta^of NSF-sponsored 
Summer Institutes, which were held at that time, j 
^ , Q_How did you eval&te ESS' and ISCS? 

A — The ideas listed in" the ESS teacher guides were used to 
C^valuate students' progress. The overall goal for the ESS program w; 
tp develop in students the ability to state|j|f question and to find t 
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answer through dici manipulation^f materials- The school sy^^cm gives 
a stand^dizc^ test in^ienpc aGMthc eighth gridi level. This staridard-' 
ized test Ishpwcd t|iat#ISCS stui^ents nude a slight but not* significant 
gain over students who had not used ISCS- Thc standardized test 
scbrcs^erc used by the central administration for their purposes. The 
/criterion rcifcrenccd tests, developed by ISCS, werc/Also used to give 
teachers a truer measure qf wliat ISC5 students , had/leamedi v j 

0 — ^Where COP you bdy materials inexpensively (c,g,, mealwo:rtns,. 
fl^h%ht batteries and bulbs, food dy^,' kosHer ^It^ etc*)? . ' 

% ;4^-CaII local retailers and .ask them wh^fe they buy thcse^'itcms, 
then buy from that source. For example, the manager of the local 
A&P store ^vas able to identify a source for kosher sok. He gave the 
name 6f a company in Gncinnati. A letter to that compani^ made it 
possible to get . kosher salt at about half the rct^ price. (Who said 
science wasn't multi-ethnic?) ' ) . 

Q — How do you get started in implementing <cicnce programs 
that require a lot of materials? ^ 

A — ^To begin, you must begin. If too much time is spent getting 
ready to be ready, the- beginning may never be made. By actually 
starting the system, we w^e able to keep it going by working out 
solutions to the problems as they arose. Important dcci^ons — the key 
tradeoffs and resource allocations — canifct always be made ahead of 
time, 

Q_Was it all worth it? Why not just have' the kids curl up^th 
a good book? 

^— It was gratifying to see the students answer questions through 
their -manipulations of 'materials, rather than working with the ail-too- 
familiar types of assignments: "Read pagqs 1 6-2 J; answer the questions 
on page 24 and we will discuss it tomorrow; don't forget the test on 
Chapter 3 on Friday " \ ' , ^ 

I leave the decision of "is it worth it" up to you. As new formats _ 
for learning media appear, new ways of distribution will evolve 
wherever dedicated staff members make the determined effort neces- 
sary to Accomplish the task, - / 



ito^eloping Local Curriculum Refottn 

• • • • ^ 

Donald Del Scni, Assmsmp PriTicipal, Dyker Hes^bts Junior High 
School, BroQklyn,N.Y. 

The major function of the science supervisor - the improvement of 
the instructional program. This is accomplished by leadership in 
three areas: , 

L Improvefnent of the science cla^rSom environment in which 'the 
supervisor aids the teacher to impi'ovc the components of the 
disco ver)^-badte science le^n. 

2. Modification of the curricuhun through t^ subtle effects of re- 
vision, addition of new techniques and/or materials, and the impact 
of new science discover!^ taught to teachers in post-ob^rvational 
and departmental conferences, 

3. Courses of stiidy modified by altering the organization of topics, 
the deletion of material, units fragmented and re-distributed, or the 
addition of new units or materials to meet the local need. 

These educational methods are utilized by dedicated sciencp super- 
visors ift their daily tasks in and out of the science classroom. However, 
at times there is the need for major curriculum reform to meet the 
needs of a science problem which, is indigenous to a local area, - 

Each state, and many communities, have courses of study or 
syllabi ^ntiiiniag. outlines of facts, principles, concepts, of sample 
ji^^on plans that the science teacher is expected to foUo\tf. But where 
state or local curricula are limited, or do not meet changing pupil/ 
needs, it is •the task of the science supervisor to organize the depart-/' 
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mcnt to fiU^that need. This chapt^ outimcs the* pr<kcss of^orrici^ 
reform wh^ this author has implcmcnte^^^ia^iis oym department • 



Ideutifyhjg the problem . 'f » #^ 

The lutui^o^thc problem in a particuLir area rriu^ be^ defined 

"before afty constructive change can be made. Once ^specific problem 
has been isolated, -a Complete analysig must take place before the 

4nitiatioiv of a curriculum change* In thfe case of this author's C3q>eri- 
«nce, the science department felt' that the program for students who 
excelled in science was in need of major revision. These students were 
invc^v^d in an accelerated program in which they were to complete 

-^hrec years of junior high school science in two, and then- complete a 
course in eanh science in grade nine or be given "enrichment topics," 
Since there was flexibility in the methods used, a lack of teachers with 
strong earth scienqe backgrounds, and an urban setting for the school, 
everyone* JFelt that the bright sthdents should be given a new courtc 
of study in grade nine. 



Lead^ship role for ctivriadwn improvevient 

Tli% science supervisor must be able to organize, delegate, and 
complete the prpjed: of curriculum innovation. He or she mu^ have 
'the respect of staff in 'order to implement change. This can only be 
accomplished by usjng the principles of democratic administration 
and supervision. The supervisor must strike a balance between achiev- 
ing th^ goals of the department and meeting the needs of teachers in 
the group. Some of the qualities which are important in this leadership 
role are: 

1. evidence of continued science scholarship; ^ 

2. f willingness to explore, experiment, and innovate; 
3^ accessibility; 

4T willingness to assume responsibility; 

5. ability to hold efTectivc meetings; 

6. abiiitvr to involve effective people and move them forward; . 

7. ability to secure loyalty; 

8. appreciation of all ideas J 

9. ability to listen| seriously and sincerely; 

118 ) 

/ O o 



■* 

10, ability to maintain high morale by promoting a good orgamza- 
tional dimate* * . 



Initiating curriculum improvement 

The science supervisor must decide on the be^ approach to ^ 
orgaiu^te and effect the change. It should be noted that if the super- 
visor dictates a decisioli through a hierarchicak structure, it will be 
doomed to failure; the need will not ha^e-^olvcd from the staff ' 
which has to implement the dccidon^ A departmental ponfcrcnce 
should be held to solicit the id^ and recommendation^ of t|ie staff. 

In this author's case, it was decided tiut an ad hoc science eur-< 
riculum committee should be formed to decide on strategies. Four 
teachers, a laboratory assistant, and this author comprised the group. 
The following technique were implemented: 

1. Open discussian. AH teachers were free, to state their philosophies, 
' values, and desires. 

2. Collegia! decision-rmking. The decisionkitived at was cooperatively 
developed by the department. J 

Our committee decided that a year-lo^g course in envitonmental 
science should be written,' including le^on plans, laboratory activities, 
and extensive field trip guides. 



Participation 

The science supervisor must give direction in a cooperatively- 
developed program. Teachers must be given desision-maldng authority, 
since it is' they who wall implement the program. Teachers perfoiro 
three major tasks in curriculum implementation: 

L They work oad^lan with their ^dents. 

2. They develop individual approaches. 

3. Tliey share curriculum experiences with their eolleagu^. 

Iri maintaining the collegial spirit, the supervisor should insure that 
he or she becomt^ a part of theyworking team. Delegation of the "work 
portion*' to the teachers will be self-defeating. 

In our experience, once the decision was made to write a year-long 
environmcntai science program, members of the committee decided 
what aspects they \vt)uld undertake. Each teacher selected a topic to 
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write on from an outline that was developed. Tlte science supervisor 
aijowcd ^ff the freedom to create that part of the program in 
which the teacher felt he or she had the most expotisc and confidence- 

Ctmzrmmcation V f 

Althpugh each teacher' is working on a separate aspect x>f the 
problem, the science supervisor must insure that the cohesive nature 
of the project is maintained. Periodic meetings — both individually and 
collectively— should be held, to direct |he work to confplction. An 
"open-door policy" should be maintained to promote vitality in an 
inf prmal way*<^ 



Funding " ' ^ 

The development of a new science curriculum is usually based 
on the concept of discovery learning by ^udcnt laboratory activities, 
field trips, and demonstrations. These often require additional scien- 
tific apparatus which may strain the limited budgtt of an individual 
school Some districts allocate funds for experimental curriculum 
designs; in olher districts, alternative sources must be investigated. 
The science supervisor should investigate th^e mechanisms for writing 
grant proposals in the search for funding new curriculum. 

In the case of this author's experience, the PTA and NDEA Title 
III Federal Grants have proven successful sources of support. Thc^ 
PTA, with ite various fund-raising activities, has been generous in 
purchasing those pieces of equipment which colild not otherwise have 
been obtained. Through conferences and orientation sessions, parents 
have, become familiarwith the science program and are thus most 
receptive to our requests for financial aid. 

Each year, grant proposals for Tide IIHunds are written. By this 
means, our department nas obtained an environmental biotron^rte 
chamber, aquarium, and field equipment 

Evaluation / • 

In order to escape provincial bias, any experiment^ curriculum 
should be sent to an outside agency for independent evaluation. Evalu- 
ation should be an ongoing procedure, and modifications should be 
implemented as the curriculum evolves through various phas^. 
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' [oevehping Local Cwriculum Reform 

Our environniental education program reviewed by the 
American Spciety for Ecoiogicai Education, Requests for our program 
were received from va^ous parts of the country; and their evaluations 
were incorporated int6 our program^ To cdmplete our evaluation 
process, we used supervisory observations, teacher evaluations, parent 
and pupil questionnaires, and pupil test scores. ■ ' 

Similar to the scientific method itself, new procedures are u&fed 
to replace those methods that do not meet the ultimate objective — 
students learning the concepts of science. 
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Science Fairs 

One Teaciier's Opinion 



Glcne P. Kingham, Shelter Island High School, Shelter Island, N.¥. 

There are many differing views on the advantages and disadvantages 
of science fairs. This educator thinks that the pro*s outweigh the con^s. 
The things that a student learns by competing in science fair projects 
ai:e not easily ni^asured. ^^ley include self-confidei^e, of|fani2ational 
skills, public speaking, data collection skills, interpretation of facts^ ajnd 
integration of new id^is. A scicntc fair provides .students with the 
opportunity to get involved, plan, create, and sense the feeling'' of 
achievement. 

Those ,who oppose science fairs hold that such fairs promote 
wrong type of thinking about what an academic pursuit should 
that they take up too much dass time; that they cause some^dents 
to become uneasy because they -are asked to "perform." A supervisor 
or teacher should test the locaT^ntiment regarding science fairs prior 
to making plans; the suppon of the community is^a necessary asset to 
any science fair. 



StudeTit participation 

Students can be encouraged to produce project work sp that they 
can enter the sficnce fair. If students are required to produce a project 
as pJut of thelf course work, the nimibcr of the participants in the fair 
will most likely increase greatly. Once they have completed the work, 
most jstudents feel that they should enter it in cotffpctition. 



122 



^ , • Science fms: One Teache^^s Opinion 

Supervisors and teachers can assist students in choosing a topic 
for a project. They should be encouraged to explore more .scrioudy^ 
a subject whi£:h they are interested, A lining of resources on a 
variety of topics or of areas' that lend thentselvd^to project woxk 
^should be available, ' 

Once the student has chosen a topic and submitted a title, a 
progress report schedule should be developed. This will help students 
pace themselves, and prevent last-minute "cramming." / 




Plarmhig ahead ^ ' 

[;e are many practical details whidh must be set up well m 
advancc^DT^c day of the science fair. Some of these are: 



!• Setting a date: Check school calendars and listiAg of community 
.events prior to setting a d^te for your fair. This will avojd con-' 
flicts for both students and parents- 

*2. Obtaining judges: Contact locil-^icnce facilities, laboi^torifs, col- 
leges, and research facilities, Lcttersi to, the directors or adminis- 
* ^ trators of these facilities arc usually more effective than letters to 
individuals. Be sure, that you have enough judges to give fair and 
thoroligK consideration to each T>f the projects, (A good ratio is 
30 juciges for 70 students,) 

3. Award?: These c^vary^pm trophies to ribbons, depending on 
funds available for the purpose. Contact local businesses and service 
organizations, for po^ble support. Order whatever awards arc dc- 

\ -cided upon in plenty of time to' have th^m ready for the presenta- 
tion at the closing ceremony of the science fair. ' 

4. Space: Decide on a iocatiori which can be reserved wdi ahead of 
time and which will afford sufficient space for the number of 
exhibits'and participants you ex|5ect for the fair, Give consideration 
to necessary elcarical outlets, wall space for supporting projects, 
etc. Design a scale plan of the facility to b^ used and transfer it to 

' graph paper Space for the projectSj^an sncn be designated on a 
master chart, and duplicated for inci^on in the program. 

5. Prograr^: The following items should be^^ludcd in the prinfed 
program for the fair: names of judges, participants, and con- 
tributors; a listing of the projects and where they are located; and 
^rhaps names' of pasf' winners. The program can be an excellent 

^ of involving the entire school in the science fair. Have the 
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art department dedgn the progxm cover; shop departmenc 
assist in construction of project displays; the English department 
, prepare abstracts of the projects, andSj y co m^iercial department 
type the reports for projoiit i^rtidpants. . 

6. Publicity: Send notices to local newspapers, radb stations^ load 
officials, the board of education, faculty^ adiEnini^ratipn, and parents. 
Posters for local businesses and ^i:ake-honK:s'^ for s^doits are also 
helpful. Include a schedule widi all of these material 

7- Thmk you^s: Send a thank-yoii letter to each judge, to each ad- 
ministrator who r^eased a judge, and to evtry contributor* Add a 
letter to the personnel files of persons involved in making die 
sdence'feir a success These post-fair efforts are time-consuming, 
but they are well appreciated by th^c who are renchibcrcd for 
their contribution- The post-fair wock you do orfe year wiU help 
in ensuring the success of the, next year's fair/* 

One final note regarding sd^ce fairs is the director. The person 
who is in charge of the science lair can make a great difference in tl^ 
supc^ or failure of the science fair program. The director should be 
4ceply concerned about, the development of tiie sdcncc fair program 
and should add as many new ideas as possible , into the existbg 
framewoirL 



124 



How To Have a Better Sl^enoe Fair 



H. G. Hodges, L. A. Popp, and F. G, Robinson 

Reprinted with pcnnission from Orhit 22, a publication of the CMtario 
Institute for Studies In Education. Vol. 5, No. 2, April 1974, pp. 8^. 



Each year science fair cbnunittccs, ^ence teachers, and individual 
stiidents^ask us to give advice and make evaluations in connection with 
science feiis* Our, experience has led us to some fairly explicit con- ^ 
clu^oj^i which wc would like to pre^t here for your consideration* 

Our purposC'^is not to criticize science fairs but to encourage their' 
further expansion and improvement* Through collective service ^5S?V 
judges of ^irs at all levels— classroom, school, ^community, county, 
regional, provincial, and national — we have observed them extensively 
and feel that they hayc much educational value. Students, we find, ar^ 
gencptiy enthusiastic about them an5 organize their project prepara-j 
tion,wfelL ---...''^'"^ 

Certain assumptions underlie the science fair movemait, even 
though' they are not always expUcidy stated. These assumptions are: 

r-t|ut the valud^of science fairs are educational rather than competi- 
tive and the benefits are shared by all participants aiid not merely 
by the winners; ^ 

—that the purpose of science feirs is to promote and encourage 
sdcntific thinking on the parA/of the participants; 

;^hat the work going into a science fair is the work of the student 
involved, although it is recognized that there is merit in his having 
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^ * 

some advice from parents, teachers, scientists, and other appropriate 
'persons; % 
— that there is consensus on the part of the judges, t^chers^ and stu- 
dents on the criteria for judging^^ Such criteria arc usually concerned 
with originality, deagn, organization^ n^s^tness, clarity, and accuracy. 

Oitcria for a science fair should reflect the basic purpc^es, par- 
ticularly the encouragement of scientific thinking- In this way, they 
guide the studcnjt in sclecpng and organizing his prefect and the judge 
in evaluating it. Therefore, the sciaice fair f©iSfl«Sttcc's first require- 
ment is . to prepare a clear statement describing the pcmble^^vels of 
scientific activity that entries may represent and the criteria upon 
which they will ji^dged. ' ^ ^ 

There are two impor^nt purposes served by iden^ying a levels 
system. First, it indicates to students that various levels of scientifidS^ 
intensity can be idenrified, and that in general projects at higher lei^lj|^ 
are more deserving of recogniaon than thos6 at lower Icvek Sp^ond, 
it specifies the various levels to be used in categorizing the projcctss. 

We propose the following five-level system as a mwns of differ- 
entiating among thtS various qualities of scientific investigation. 

Level 1: A dk^m, copy^ ilhistration, table, or other dispk% of 
science information already available in printed or non-print PtateriaL 
The most common level 1 exhibits are enlargements of tables or 
diagrams from magazines or science books, or commercial models 
assembled by the students. Typical examples would be a chart of the 
life cycle of an insect; a chart illustrating the operation of a dry cell; 
a standard diagram of the solar system^ accompained by a table of 
infonhation on distance, size, length of year, and temperature; and a 
cross-section of plant or animal material. The student has not developed 
a novel presentation of the information, nor has he brought together 
a number of interrelated diagrams or ^displays on the topic. He has 
basically* selected and reproduced — ^perhaps with some refinement or 
modification — material that is generally available. 

Level 2: A chart, illustratipfi, rnodet^ collection, specimen, or 
report based on firsthand ihvestigation by the student, (the vital cri- 
terion for this leyel is that unmistakable evidence of the student's own 
thought must be apparent in the -data, organization, intcrprctatidn, or 
rcfx)rting. If the project deals mainly with information already avail- 
able, it must show novelty of treatment or organization. A very wide 
rangdf of projects fall into this category. Examples: a report on the 
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care of one or more live specimens, either plant or animal; an unsys- 
tematic collection of specimens in a txroad classification such as insects 
or leaves; a display of topical photographs taken by ti^ student; a 
chart recording the amount of rainfall for a period of -time; a stinicnt's 
own static model of the solar system, a rocket, or a building; a 
diorama showing a typical en\dronment of a plant or animal; a map,, 
chart, life cycle, or dmilar biateriaL In each case tl3^ is cl^r CYidraicc 
that the student actxially made a contribution rather than merely 
copying information from a ^andard reference. 
\ Level 3: A 'working 'model based on mhundersianding^of £t id- 
mtific principt^At this level, proj«:ts range from replications of 
standard classroom experiments (with or without improvements) to 
working models, in each case showing that the student understands the 
principle involved^ A demonstration of an experimental 4fi^ect also 
fits into this category. Examples: a woprking mode! of a device suQh 
as a fuse breakup or a telegraph' key; a demonstration of tfw con- 
^ version of energy froih one form to another; a home-made ther- 
mometer; a fairly complex working System, such ^ a home-raack 
incubator, in which more than one scientific principle may be demon- 
strated; Generally speaking, if a ^dent has developed or invented a 
new application of a principle or a new working device, his project 
qualifies for this level, but obviously it merits a higfj rating on other 
criteria such as origiiiality. 

Level 4: An attempt to mywer a question by designing and con- 
ducting an experiment or correlitional study in 'which one or mort\. 
variables undergo testing, but in which circumsianseraf lack of kno^- 
edge prevents adequate control of significant independent ,v^^bles. 
The ^m of the project should be to discover a cause-and-effect reb- 
rionship betweeo^wo phenomena or*^ts of phenomena. The test for 
this level (as combed with level 5) is whether all the important 
variables are controlled. Typical cxisnpl^ mfcisiiremcnt of the effect 
of a particular environment on pl^nt growth (without controlling 
such variables as soil, ^ter, sunlight, and temperature); me;asureraent 
of the effect of temperature on mealworms (without controlling light, 
moisture, etc); a study designed to determine whether varying the 
length of a column of air in a bottle affects the pitch (without con- 
trolling the type or shape of bottle iised) ; or a comparison or the effect 
of one dietary component on rats -(witl^ut adequately matching the 
rats and controlling other variables) , 

Level 5: An attempt to artsv^er a question by designmg and con- 
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i ducting cm experment or correktioml study in ivhictidl the important 
competing variables are controlled. Although projctts at this level arc 
. relatively rare at science fairs, they represmt a peak in scientific work 
and should be encouraged. To qualif]? for this level, a project. must 
fnect two main criteria: (a) the experiment v^ill be controlled to the 
point where alternative explanations of the effect can be ruled out; 
and (b) the student will shqw an understanding of the logic of the 
methodology involved (e,g.^ how the effects of specified competing 
variables were eliminated) and of the interpretati^ of the result (e.gl^ 
^ why the result cannot be attrib?ited to error of chance factor). In mo^ 
cases, charts or ^graphs of data will be available for examination. A 
novel approach to a standard Classroom experiment, if the other 
criteria are mec^^ualifies for this level.. If ^ problem is idmrified and 
I the variables adequately treated, if is nqt ^ential that signiiicanf 
positive findings result from the project; it must be recognized that 
the design rather than the results qualifies a project for this level 
Outstanding examples of level 5 projects that we have observed 'ire a 
carefully controlled dietary study of the growtii of rats, a study cor- 
relating the kinds and numbers of snails in various places in a river with 
the amount of pollution in each area, and a study of the effects of 
chemicals on colors of ceramic glazes. 

These five levels can be given recognrtion by a differential awards 
ing of basal points. For example, it might be deicided\hat level 1 
projects should have V basaljari ng of 5, level 2 of 10, level 3 of 15, 
level 4 of 20, and level 5 of 25, Then up to 75 merit points can be 
awarded by tht judges in accordance with the other criteria agreed 
upon, and the final score for any project will be expre^ed as so mai^ 
points out of 100, Thu3, while higher-kvel projects carry a bonus, 
it is srill possible for outstanding examples of lowjer-level projects to 
receive greater scores than average projects at higher levels. 

In addition to specifying levels of science activity, we recommend 
that scienpe fair plannl^ig committees consider the following sugges- 
tions, whifch have arisen from our observations and discussions. 

1 . StiWnts should be made aware of the basic purposes of science 
fairs and, partlculariy, informed of the criteria to be employed 

in judging. Our discussions w^ith students have frequently revealed that 
they were not aware of criteria that would undoubtedly have led to 
better selection, design, and presentation of their projects. It is im- 
portant that mformation about criteria be provided at the ougjct so 
that students can investigate the various , levels before selecting a 
project. 




Hap to Have a BetUr Science Fair 

2. There should be a dear undend:anding of the amount of out*- 
' side help students are permitted to receive; Tlic usual criteria do not 

put' enough emphasis on w!iat might be termed *inde^ident effort.' 
.Smce assessing the amount of independent effort \s a difficult task for 
the judges, we suggest that a statement be attached to each project. 
This statement should be signed by the student and his teacher and 
should indicate the source of die idea for the project, the student's 
actual contribution to its development, and the contributions ma4c 
by the teacher, parents, or others. At the present time there apj^ar 
to no guidelines on hcip" nqpi other people, and in the pa^ some 
highly rated projects have benefited fi-om sul^tantial input from adults. 
An acceptable guideline would be to albw a small amount of con- 
sultation at the original plapning stage, but no outside help at th3c 
stages of data collection, interpretation, and presentation. Consultation* 
%||tthe planning stage should T)e limited to hclpin|f the student improve 
, me" planning of the project he himself has chosen, and shotdd not 
directly influence his choice, his search for sources of information, or 
the eventual construction or display of the project.^ 

3. The committee should ensure that the judges agree in their 
understanding of tjhe crit;eria and follow them as rigorously as possible. 
Otherwise a very neat^ a very attractive, or a s^cctapular project may 
receive a higher rating thgn it deserves because of a judge's particular 
bias. Similarly, the judging should not reflect the appeal that certain 
of the projects may have for visitors — such as spectacular -worldnjg 
models olspr|)iects involving pets. 

4. A clear indication of the total amount of work that the student 
has invested in the project should b^vailable to the judges. Sometimes 

' projects involving a great dealpr ^ork are -not spectacular and the ' 
amount of efi^ort put intp..<fieniis not recognized. This is particularly 
true of projects for \CTuch data are collected over long periods of time, 

5. Most science fairs include entries that fall under the^ieading of 
social studies or sociology— projects such as niodels of vill^^, m^ps 
showing pdpulation densities, studies of voting patterns, and family 
trees. If the judges are accustomed to thinking in terms of the physical 
and biological sciences, many of the entries will get less recognition 
than they deserve. We sugg^ that a sco^kfate category for social and 
behavioral sciences be established and ar person qualified to assess the 
value of these entries be added to thtt panel of judges. 

6. Steps should be taken to^^^^vide feedback to^ontestants. In 
most science fairs the lack of feedback is a major weakness. Adjudi- 
cation of the sort given at music festivals is valuable to, contestants. 
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and we $iigg^ that a similar system be adopted by science £air& In 
the past, die*, small number of judges^ the many projects, and the 
limited time allowed for judging Have tended to prevent adequate 
evaluation and discusaon with the stuc^t For this reason, we suggest 
diat the number of judges be large enough so that an individual rating 
sheet can be competed for each proj^ and givati to die contestant. 
In addition, if po^ble^ each contestant should have an interview with' 
a judge, who will discuss his project, pomt out its merits, and surest 
improvements that might be made. The ideal arrangement is to have 
the contestants pi;^int during and after the judging so that the judg^' 
comments may be comifiunicatcd to them immediatdy, 

' We believe that if science fair committer* arc guided by these ^ 
suggestions, the major goals of science fairs will more fully realised, 
gradual improvement of entries will be ensured, and broader student 
involvement will result 
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The PiaiietariQm as a Teddiing TmI 
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For some people die concept of a planetarium^psogram is that of a 
"show,'Vwith the {^ison at the controls dcliTering a "canned" lecture 
while the audieacc sits in awe of ti^ spectacle overhead. This definitioa 
should not apply to the pknctarium programs preserited as part of a 
science education program. In such a program, the audience beconjes/ 
involved through continuous interaction between the instructor and 
the student Two factors which promote this interaction are the 
advanced cla^oom preparation geared to the unit plan, and the pre- 
liminary involvement which the students experience in an astronomy 
learning center When questions arise, the students are involved in 
developing plausible answers. 

There arc some who will ask why such an expensive pi^rc of 
equipment is needed. Why cannot the same faults be obtained with 
ordinary classroom materials? Perhaps rfie simplest answer is that the 
planetarium makes the **impo^ble'' pbssible, 

^cre arc a few of the *'impo^bIes'' that, are standard procedure 
during the planetarium programs: 

• Sunrise and sunset can occm* whenever you wish, 

• A day or night can be comfrcsscd into minutes. 

• The stars can stand still. . . 
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• Consicllation figiircs can^bc projected against their starry l^ckground. 

• W^tcr constellations can Ijc seen at any season. (The same ^is true 
of any other seasonal groups,) 

• Planets speed up their "apparent wandering'* among the stjfSL 

• The mcK)n can rise, set, and gd through its month of phases. 

• The polar skies^ as well as the equatorial sc«ie, can be observed 
. without ever leaving home. 

• It can be shown why the dimmers are called circumpolar constella- 
tions. ^ 

• The skies of the ancients as well as of the future can be projecteli 

• A year of sunrises can be . observed, with the sun appearing to 'ride 
from its northeast to southdst position on the horizon. 

• The "land of the midnight sun" can becpme real. 

• GonsttUations of the southem^^emis^here can be identified. 

• By using the coordinates and die geocentric earth, time belts oan bc* 
projected makingf it easier to m^erstand oiu* system of time. 

' A planetarium program whicl^^plemcnts the science curriculum 
guide possesses a purposeful direction. This has been the case since the 
inception of the planetarium program in the Newark School District. 

Newark's Planetarium, a Spitz A-3P, reprints a science teaching 
tool that has been in operation on a daily ba^s^nce its installation in 
1963. Over the years, the planetarium has projected the star field on 
its 30 foot dome for over 75^0pO victors from pre-schoolers to senior 
^ citizens. As a part of the regular science program, all students in 
grades 1 through 5 visit the pfanctarium yearly. In addition, several 
middle school classes and most of the. earth science classes from the 
districts are also accommodated. In the evening, cUsses from Newark's 
adult school and the University of Delaware, as well as numerous 
community groups of all ages, hold se^ions in the planetarium. 

A classroom adjacent to the district's planetarium has been con- 
verted to serve as an astronomy learning center. Here, students gather 
for an orientation before their planetarium visit. Using a three-point 
focus, th? instructor projects slidesxand^ transparencies onto Three 
screens to prepare the students ior concepts that will be emphasisted 
during the planetarium lesson. This classroomj^ clrpeted and^ equipned 
with blackout curtains, is well supplied with all kihds of projectors 
and visual materials for use in supplementing the astronomy pr^enta- 
tion. Models, charts, and sky maps are used extensively as visual aids 
to reinforce the learning process* 

&udent involvement in the learning center prior to the planetarium 



presentation sets the «agc for jn^ningful interaction between the 
^ stud^ts and the in^nictor during the time spent under the plane* 
tariumsky. 

At the start of each school year, dcmaiCary teachers arc given a 
schedule of the approximate dates when^ their classes; will visit the 
planetarium, along with the, subject that will treated at their sp^dfic 
grade level. /Mth the exception of first graders, who arc the last to 
visit, classes come in s^uencc, ^rting^th grade twa High school 
earth science stiidcnts are scheduled for September. By delaying the 
start.of the elementary program, teachers of tht younfer students 
have tiipc to prepare classes for the visit Since the planetariunj 
Is housed in a high school removed from the elementary buildings, all 
studentJj in grades 1 through 5 must be bused to the sdto. The majority 
of students in the ^district are bused to school, so it is necessary to 
schedule elementary planetarium programs to fit - the luiurs when 
busses are free. Qearance for busing is arranged through an agree- 
mcnt with the school involved and die biis transportation sy^CTL This 
insures the smooth transportation of classes to'and hom^ pknetariunL 

As soon as the bus schoiule is established, a unit of resource 
materials is sent to those teachers whose classes will be making the trip.' 
Included in this material are the bus schedule, previously confirmed by 
telephone, and a 5ctaifed plan which teachers csin follow when twching 
^jthcir astronomy unit- Th^ plans^ arc updated each year to meet cur- 
rent conditions and interest?. A typical unit contains the foUovnng 
matcrialsri ^ i 

L Instructional objectives 

2. Concepts to be developed * , 

3, Elescriprion of the progran^ inoJuding classroom orientation and 
planetarium program putlinc . ■ , 

4» Vocabulary list . ' 

5. O)nsteilations of the month 

6. Sky calendar 

7. Interesting activities ^ 

The planetarium is an instrument whicli, because of its versa- 
tility, can stand alone as a teaching tool. At the same rime it optns the 
door to an endless variety of special effects whici can be adapted to 
enhance the educational program. InstaUfd originally to serve the 
science population, the planetarium has provided the impetxis for 
involvement by other disciplines. 

133 



Copying'from an jdea common to planetanums, the grt dcpan- 
mcnt created an 'imaginative view of the horizon as seen from the 
school site and secured this to the cove at the base of the planetarium 
dome, instead of the skyscrapers, which dominate city scenes, the 
Student artists who created this display tobk-a longer view, incorporat- 
ing into their design points of interest ^ound the state, including the 
twin spans of the Dclaw^ure Memorial' Bridge, the capitol buildings at 
Dover, the John F. Kennedy Turnpike, Caes«( Rodney Square m 
Wihnington, and the University of Delaware football stadium. 

One of the most ambitious Involvements by other disciplir^esi was 
the instalbtion of an "extra-effects" projector syaem, designed an4 
constructed hy the electronics class of the Iwme high school ,This 
system, operating independently ^' the planetarium instrument, is 
constructed with the capability of contcpiling twelve extra-effects 
projectors mounted around the cove. These projectors,* adapted widi 
dimmers to facilitate adjBstment to lighting conditioiis iA the plane- 
tarium chamber, can be operated siinultaneously or separately, as 
desired for carrying out any series iof supplementary slide j^rojections 
relating to the program. In addition, projector types can be varied 
to include, simulated sun and moon eclipses,^ meteor showers, and 
various other celestial phenomena that cannot'be demonstrated with 
the planetarium instrument alone. 

Teachers Yrom several academic disciplines use this visual aid to 
help in interpreting concepts of the universe and the terrestrial geog- 
raphy of the Earth. Math classes fmd the planetarium dome helpful 
in studying angles and arcs and interpreting the celestjal coordinate 
system as compared with coordinates of latitude and longitude on the 
Earth. English classes use the planetatium to illustrate celestial theories 
expressed in poetry and prose. \ 

One of the greate^ challenges faced by Newark'.s planetanum 
director was to prepare a program that could be presented to the 
p * Margaret S. Sterck School for the Hearing Impaired. This audience 
consists of children with speech and hearing impairments of varymg 
degrees, and represents a wide range of age levels. The darkened 
planetarium chamber ruled out the use of sign language ai^d lip read- 
ing, making spoken communicarion of little or no value. Written 
communicarion was the ans\ver, but projecting afjrinted message widi- 
out losing the darkness, which an effective star-projector demands, 
presented a problem. This was solved by using a photo offset negative 
' witlfSn overhead projector; this gave a complet? blackout background 
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for typed instructions projected on. the dome. (See Ora Ann Shulte. 
**PIanetarium Astronomy for thp Hearing-Impaired^" The Scipice 
Teacher 1973.) 

' Each year, new ide^ apse for planetarium u^e« Among them 
»is the pre-^amping orientation for classes preparing for the district's 
residence camping program. One of the important aspects of the 
overnight experience is a sky*- watch. Fpr student^ who j^rticipatc in 
the experience at the campsite, as well as those ^Vho^ conduct a sky- 
watch on their home campu§, the planetarium program sets the stage 
for meaningful observations und^thc real sl^. 

As in any sound educational program^ evaluation is an , essential 
part of the planetarium procedures. Following each visit, teachers are 
asked to complete a foi:m evaluating each phase of the program: 
planning and operation, orientation, and planctmum presentation. 
Data from the evaluation provide the rationale for program changes. 
Planetai^um evaluation is a continuing proce^ y/ith revisions of the 
curriculimi based ^bn suggestions , from teachers involved. 

In summary, experience with the planetarium has proved that it 
is a valuable inter-disciplinary teaching tool. It possesses a* far-reaching 
potential, limited only by ' the imagination and ingenuity of the 
instructor, , . ^ 
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The number of books, monographs, and iurtides written about cdu- 
cadonai accountabiiity' indicates die spectrum of opinion regarding, 
this conce^ Wading through the literature and noting the many 
obstacles inherent in any change one is tempted to dismiss the idea as 
simply another innovative exercise in futility. Yet, to the scientific 
mind of the prof^onal educator the concept seems both attainable 
and desirable. This chapter will deal witii the development of an 
irAial accountability model based on theory and reseufch bound to- 
gether with experience and common scrtse. r 



What is accountability? ^ 

Accoimtability is an old concept Ancient Greek and Roman 
, teachers are rcport«i to have bcfn held accountable for their teach- 
ing. [21 Today, accountabilityJiris been defin^ as the process of per- 
formance contracting. <61 Others suggest tha|r?thc concept is 
jgj^osophy of responsibility, i.e., the sctools are responsible for their 
' product [5] ^ 

In a management sense, accoimtj^bility is defined as tte relating 
of school resources and efforts to result in ways t|iat are useful for 
policy making, resource application, and compensatioa [71 It has 
been broken down into the categories of fiscal afco^tability and 
ihstrufctional accountability. [11 The concept is sc&i as a guarantee 
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that students will acquire the minimuin skills necessary to take 
full advantage of the choices they will face upon successful com- 
■ plenon of schooling. [IH . 

Grady suggests that seiiiantias is the problem surrounding the 
accountability debate and calls for a substitution of **iniprovemcnt of* 
Instruction'' for the term "accountability." [4] Finally, accountability^ 
is seen as holding someone responsible for certain ■ behavior or 
actions. [TP I ^ 

Having considered some of the definitions of accountability, we ' 
must now arrive at a working definition. Let us suggest that account;- 
abili^l^ in education is a basic right of the student, his or her paraits, 
and the public which supports the school itself. Accountability in 
education results from a series of teacher, supervisor, and administra- 
tive actions that contributetp the attainment of a humane and adequate 
education for all students. ^What comprises a humane and adequate 
education is the result of a series of goals derived by local schools 
with iaput from society, national organizations in a discipline, parents^ 
* students, and teachers. These goals must consist of at lea^ minimal 
objectives w^iich all students need if they are to fully enjoy their 
youthful and adult lives. Thus, accountability will improve teaching- 
learning and will have the school disclosing to itself, to its pupils, and 
to its supportin;gr b^s>sie»/the attaijifnents of pupils within its ^disci- 
plines. Implicit m this reporting would bejthe ongoing collection of / 
data regarding students and the continual updating of local norms zt 
the same time permitting students, and tfaeir parents, to mca$ur^ 
themselves against national norms. This use of standardized tests will 
permit the instroetor to become aware of what others '^regard as 
# important (hence testable) and will permit tha student to make a more 
realistic appraisal of his or her own competence. 

Why dp we fieed accomitabilitff? I 
Since the launching of Sputnik 1 in 1958, science, engineering, and 
technology have been the focus of public conccra^ First, in an attempt 
to narrow a "g^ip" between Russian and American science, the Ameri- 
can people through Congress dispatched massive funds to upgrade 
the science knowledge of teachers. In a real sense the electorate felt 
accountable for this jjcrcciveiJ imb^ilance in techm)logy and were 
willing to provide money tof return our rtation to pre-eminence in 
science. 'Implicit in this movement was the belief *that upgrading the 
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scientific knowledge of instructors would result in increased student 
interest in and knowledge of tlte scientific discipimes. 

' Diuing the ensuing two decades^ science has ^ost much of its 
previous charismatic aurL In the xnid-1960's tiie government rdeascd 
funds only as long as the receiving agency could be held accountable 
for attaining 'specific goals which the project would Ichievc. The 
1970's. have brought us the Watergate disclosures, and energy and 
environmental problems. We are facing inflation in a time of reces- 
sion, and are lK)mbarded with new mformation regarding govern- 
mental agencies and individuals. « 

As citizens are revising their way of life, indi\adual frugality has . 
become a new ethic. Americans have begun looldn^ af automobile 

(manufacturers, at the giant oil companies, and at the President and 
Congr^. Each is being asked to become accountable to the individual 
citizen. Most see this concern Wd'kivolvement as desirable. Yet wheng 
this concern focuses on schools, many educators and teachers suggest 
that they cannot be held accountable/The schools, in times of rising 

^ costs coupled with dwindling enrollments, are being asked to report 
to their public regarding the accomplishment of the institution in 
educating our youth. It is suggested by some that Bloom, Himt, and 
ifiaget all cite compelling evidence that most intellectual development 
and learning occur before the student goes to school and that the 
advocates of accountability should realize that it is useless and unfair 
to hold teachers accountable for something over, wluch they have 
little control. [101 Are we/^ying that school can only teach those 
who already have a high' intelfechial devel&pment? If th^ public 
cannot feel safe m the knowledge" that students learn in school, is 
there any need to continue to support schools and tcachersf' 

Looking at science education we ar? aware that the National 
Science Foundation has spent a great deal of money to upgrade 
teachingrleaming. What are the rjsuits? The National A^essment of 
Educational Progres reports: approximately 65,Oi)0 fewer 9-year-olds 
could answer a typical science question, correctly in 1973 than they 
could in 1970; approximately I^.QOb fewer 1 3-year.olds could respond 
acceptably to a typical science question in 1970 than in 1969; and 
approximately 80,000 fewer 17-ycar-oIds could answer the survey 
questions correctly in 1973 than in 1969. [8] Furthermore, between 
1967 and 1974, the numl^r of high school juniors and seniors scoring 
above 700 on the verbal SAT test fell by half— down from approxi- 
mately 32,000 to 16,000— while the number of students scoring abQvc 
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600 fell a third. [15} Goupl£ thb witib other refkirtsl due many 
midents are not learning to read" or compute* Is diere any woni^ that 
citizens are asking about what is going on school? X 

Yet we should not be dismaL Miu!h learning ^is tudng place in 
schools. It is, howe\rer, a painful fact dot sc1k)o1s have ncH: c^blish^ 
and reported local norms to indicate what a good job they are xloing. 
The lack of public relations regarding local learning has permitted 
the national testing groups to monopolize the n^dia with re^t 
that the public is sho^iting concern (and rightfully so)« Odzens are 
merely asking local schools to indicate what thfiy are doing and how 
well schools are achieving their goals, 
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A model for imitating accountabilty ^ 

Accountability in education is a base right of the so^bnt, his or 
her parents^ the public which supports the scIkx)!, anji tfw school 
itself. Accountability in education results from a ^e$ of teacher, 
supervisor, and aclmihisti^dve actions that contribute to the attstin- 
ment of a humane and adequate ^lu^ation for all students* Account- 
: ability schemes must develop boil norms and must also use st^dard- 
t^d tests. Local norms can be u»^.as ti^ basis for change in curricu* 
lum and/or teaching practices and standardized results will Mform 
die student and his or her parents on well the student measures 
with nationwide peers and should permit, more realistic expectancies 
for the individual* 

Previously, suggestions have been made regarding items for which 
teacher? cojild be responsible. [141 The tadc af hahd is to outline tRe 
steps in inraating accountability. In one of the few surveys regarding 
teacher attitude'' toward accountability, 79% felt positive toward the 
idea that classroom teachers should be held , accounublc for their 
effect upon pupil^ [ 3 ] We may issimic, then, that many instructors 
have podtive feelings regarding accountability. Their real concern 
is in the use of accountability da^. Tbbse who feci imcomfortable 
with the concept at times suggest that schools need to redefine their 
g^>als. [13] 

It would seem, however, that tb^ purpose of school and tl« reason 
teachers are employed is to bring abouti^esircd changes in learners. [2] 
Armed with a fccUng that we know why scIk>o1s exist and reinforced 
with research that mdicatcs most teachers favor the idea of account- 
ability, what are the steps to follow irt initiating ac6oimtability? 
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1. Department heads and/or supervisors announce to tlwir fclbw 

■ teachers^ that an attempt will be made to direct the focus of tiac ■ 
department toward improved teaching-learning. 

2. The department is asked to examine the philosophy of the school 
and to derive goals for the department whicbi arc consiaeht -^tii 
that philosophy. Initially, goals axe developed through **l)ram- 
stormi^ig" and later arc cross-referenced within the thiee domains 
of educational obie^vcs— Bloom (1956), Krathwohl {i964),W 
Simpson (1967). \ 

3. During the ensuing year, depirtjjwnt mentes arc asked to. submit 
to the department head their objective for each, teaching day. 
They are told that these objectives will be , used during inservice 
days tol develop a model of what the school is trying to .achieve 
during the yfear. The purffose of the model is to learn what, 
objectives are emphasized^ so they can be used as a l»sifi for 
change if change is warranted. This decision would be made as 
one compares the school philos<Jphy with departmental goals and 
with course objectives. . 

4. The daily objectives will also be used by the individual l;istr\ictor 
in developing a list of basics wWch he or she feels each student 
must achieve during the school ytar. There arc many ^zys of 
dcvcfoping this list of basics, One might ask a tenth grade science 
teacher to write a list of basics which he or she feds must be 
accomplished in ninth gr^de. Or, a^ suggested previously, each 
teacher dcvekjns his or h€t list and then departmental meetings 
arc used to arobtU^nfThe lists aifld ensure tontinuity. 

5. ifes, and test questions in particular, wWch measure each of the' 
objectives are typed on 5 x 8 cards and placed in a master card 
file in a central, drea. Teachers are to use only these test items. If 
they add a new item, it must be typed and placed in tte file. The 
correct answer is placed on the back of the card along with a list 
of dates and teachers who use the item in their testing. When 
performance testing is used, the conditions arc written on/cards 

, and filed under the appropriate heading which the perfomjance is 
measuring and evaluating. , 

6. Local norms arc cjeveloped bascti on data collected using the items. 
For cxismple, ninth graders studying^ cell theory nught score 83 
one year. The teacher uses similar teaching procedures In ensuing 
years and finds students scoring 60. Then there is reason to be- 
lieve that cither the testing or the teaching is inappropriate. The 
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tocher can make change without any threat of dismissal. The 
purpose of the t^ng is to give 3 basis for change.. 
h Standardized t^ are also used to identify student achievement 
compared with national norms. If a student 45 below avcngcrtbascd 
on ability) and he or she scores below average on a national !U>rra,. 
we can say that the person is really scoring average for his* or her 
group, Thtts, national norms need to be interpreted in relation, to 
the individual. In counseling, students and their parent need to 
be made aware of their standing. Surveys of parents indicate that 
parents would like to know more alx)Ut the schopl, but fed un- 
wanted and don't know how to become involved in their children's 
education. . 

I All goals and objectives are to be derived locally with input from 
students, parents, the community, and teachers- The department 
head and each tcachc^will have a copy of a chart tliat details how 
the school philosophy is realized through departmental gogis and 
teacl^er objectives. 



Fbilosopby 



A. Student as^ 
1 citizen 



Goals (Science) 

►1. Use scientific method 
for decisions. 



^2. Read and comprehend 
^ articles on technology 




Objective 

Given 7 situations in- 
volving decision m2k- 
ing, the student will 
use the scientific 
method in arriving at 
isoiution in 100% of 
the cases. 



b. Memorize with 100% 
accuracy the steps in 
the scientific method. 



9. Base line data for a school will be collected and published through 
local newspapers to inform the public regarding the accomplish- 
ments of the department. 

We have "Seen how a school supervisor might initiate account- 
ability in his or her .department through our nine steps. The purpose 
of accountability has been ^ develop data which will support the 
positive job that the teachers' within the department are accomplishing. 
The data ckn be used to make changes in curriculum ^d teaching 
methodology, as well as for public relations jn reporting to parents 
and citizens. National norms are not ignored; thc)(^are used to give 
pupils and parents a more realistic appl^isal of a student's potential. 
This scheme has flaws a$ do all attempts lo develop a basis for efficient 
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change. Yet it gives the cpncerned supervispr a stmi^ pmnt fr(m 
which to ikvelop ti^ base that is nee^ to eifect^ change. 
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Working in i>iiblic Relations 




Robert Farid, Chmmuat, Science Department, Alva'T. Starifortb 
Juaior High School, EImoiUyN.Y. ' 



If one examines the of duties and responsibilities of the sdecuce 
supervisor, somewiwre in that list is tiie area of pmblic reladoos. Oltm 
public relations is di^iogushed under odier titles or Job descriptions. 
This task might be part of community-school relations, public infor- 
mation, community nssburces, communication services, or piMic 
communicatioai ' - 
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What is public rektions? 

Public relations, under any title oriob'dcscription^ is an operation 
which helps the school know its community and the community know 
its school" Public relations vi^ork keeps the community infonrad about 
the school^ its pu^poscs^^fUftegrcss, and programs-^md problom- People - 
often equate public relations with publicity, whidi is the dissemina- 
tion of information to the public. Publicity is usually a" onc-wiy 
street; public relations must be a two-way relationship. 

Whether public rcbtions is carried on by the scIkk)!, the <Iikrict, 
or the science department, it must ^ be an on-going tnd long-tmn 
program. It can not be effective if it is done sporadically; it mu^ be 
a continual communication between two parties. The purpose of any 
pubUc relations program is a better understanding and a closer work- 
ing, relationship between the school and community;^ the science 
supervisor and teachers; the supervisor and die principal; and die 
science, supervisor and other subject supervisors. The most important 



1« 



Section 2: Tbe Supervisor at Work ■ ■ ^ 

cefnunuiiication is between the science staff and the students* &udents 
carry what they have learned in the science clas&room into tlie halls, 
into other classes, and most importandy^ into the. hon^ and com-^ 
munity. The ^dent is the best public relations agent that the science 
department and supervisor have. 



Basic principles of public relations 

The science supervisor's most important role is to improve instruc- 
tion« Public relations is a means of obtaining t!^ support and under- 
sdmding essential to the success o{ the su|^rvisory progrant^ An 
effective public relations program enables the supervisor to work 
more easily toward his or her objective of improving instruction.' 
Public relations 'mu^ account to the public^ science teacheis; s^dents, 
and administration. To be successful in public relations one need not 
justify or defend the educational program. Rather, one informs the 
public regarding the, present program and plans for its development 

The quality of the relationship that the science supervisor estab* ^ 
lishes among' the people with whom he or she comes \fi contact is of 
utmost importance. Public relations means dealing with people/ The 
single most important principle to remember is: take time f of- people. 

To a great degree, a good public relations program is based on 
the amount of confidence that the public, students, science teachers, 
and administration have in the science supervisor. 

Long-term information gathering and dissemination should be a 
part of the public relations program* When the public possc^es such 
information, it is more competent and willing to cooperate with the 
school. 

Av thorough knowledge and understiwng of the community is 
csscntiaX As much information as pos^ble should be obtained about 
the community's communicatidns media and the contribution each can 
be expected to make toward improving the overall public relations 
program* 



Why is public relations important? 

School personnel may neglect to perform their public relations 
functions because they are not aware of these functions. Others take 
the position that what the school docs is none of the business of the 
public. To liave the most efficient school, there must be cooperation 
between the school and community groups. In particular, there must 
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be cooperation between the home and the^ school The home should 
know that the school is working constantly and carefully to advance 
the welfare of the students- 
Expenditures for>fichools during recent years havQ incr«^ by 
leaps /and bounds. They have increased much more rapidly than 
sch(K)I enrollments and the income of the public. Since public infor- 
mation regarding the schools has not kept pace wit;h school expmdi^ 
ttires, a large percentage of the public is disgruntlc4^ over th^ 
expenditures and is defeating many school budgets. For the |:^bUc's. 
moral and financial support of the schools, a public rfelations pf ogrim 
is necessary. Science suj^xvisors, therefore, need to plan to syste- 
maticaiiy provide such information: Hie public shoiild not haVtf to 
secure information through hearsay, rumor, or other unreliable soure<^ 
Untruthfulnc^ is worse than no information at all: it lessens 
confidence. This means telling the bad well as the good* Always 
base what you say or do on fact. 

Participation ill pubUcrelathm ^ 

The following is a list of ideas and suggestions for science super- 
visors to use in implementing a public relations program* This list is 
by no means exhaustive; there are many other ways to implement, 
alter, or improve a public relations program. 

1. A letter should be sent to parents when a student has done some- 
thing well, such as participiting in ^iencc fairs, helping in' the 
stock room, serving as a peer tutor, or winning a contest. Never 
use form letters. , ^ ^» ^ 

2. Polls and surveys of students to find out their feelings about 
course oflFcrings arc very helpful. The results should be posted 
or announced; otherwise the survey will have no meaning. When 
possiUl^ make changes based upon the poll or survey. 

3. * When students l|old activities outside school houn, even if th«y 

arc not science department activities, help b\\ offering time or 
jjervices. Don't wait for fke students to ask: violunteer 

4. Attend and participate in PTA meetings. X^unteer to put on a 
program if possible. / 

5. When a teacher in your department wins an award, writes a news 
article, publishes a paper, or participates in an extracurricular 
activity, write a letter of commendation and place it in his or 
her file. Be sure he or she gets a copy. 

6. Whenever possible, offer your services to the local civic groups 



• * 

anihcliAs. Generally, word gets aro^ if vou oat^ wiuntccr 
and serve cheerfully, ^ 
7. When a new person b elected to the Board of Education, send a 
congratulatory letter and invite |um.€r her to v^ your $»ciencc 
department. ' ' ^ ' 

Visit feeder schools or ijw sclpols that your Students later attend. 
Find out about tteir programs. Ask how you <^ help. Lend ^ 
equipment to the elcmaitary fecdet schools. Respond whaa asked^ 
for advice. Become familiar with curricular gufdcs of the ^ools ' 
with which you come in contact. Conduct as^nUies for ifacse 
sc1h>oIs by using former studaits that have attended the par^^ 
tkula school' ' ^ , 

9. ^Xrrange for tutoring of absentees, wng peer-peer, parent-student, 
^ """^or paraprofcssioual-studcnt tutoring. 

10. Prepare slidii; shows, for functioas such as PX A meetings, open 
school nights, strident orientation, and civic groups. 

U, Provide a constant flow of news relrascs to the local ncwspaltts- 
Include pictures when possibfe. These should be interesting, undcr- 
y standable, gdaptable, and in proper format for ^he intended 
readerslup. 

12. Develop a curricular handbook f^r parents and students. 

13. Institute and maintain an area where student may obtain infor- 
mation and counseling on sci^ce careers. 

14. Use parent voiunte«« as tutors, clerls, sccrtmics, -sdaicc re- 
source center supervisors, and lab aides. 

15. Acquire knowledge of the community and its expectations for 
the school and students so that you can understand it and respond 
accordingly. 

16. Provide opportunities for the to evaluate the public relations 
' program so that improvcmcnte can be made. 

17. When you attend conference, workshops, or conventions, bring 
back copies of meetings, speeches, or handouts for the teachers. * 

V Write a report on the trip, and submit h;jothc administration. 

If your school does not have k program of pubhc relations, use 
^ some of these ideas in this chapter to institute such a- program. If 
your sctool does have a public relations program, apply concepts from 
liiis chapter which your prograip d(5cs not include. In sugmi^, a 
good public relation program is the development of a cooperative 
relationship between you, the science supervisor, and all the persons 
with whom you come in contact during the school year. 
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The fkmtinulnfi Education of tte Supervisor. 



}. Jod Bcrgcr gnd Harris R Gk>ldberg, Richmond College, of the City 
Unwerskjy of Nev^ York^ Ne^ Yorki N.Y. ' ^ 



Science supervisors usually' fed th)s need for continuing self^ducaoon 
lon^^ter all formal academic reqdrements have been satisfi^ 
Knowlcdigc of-new di^vcrics, th^ri<^ tcdiiuques, md prindj^cs in 
biology, chcipistry, earth sdcncc, and physics cpnsdtut;/e a malor thrust 
;in the continuing cducatii>n of the science supervisor. Frequently, the 
supervisor is regarded by^ the iaculty as an expert in sdentific infof* 
mation. The supervisor is exp^cd to lead the department in develop- 
ing faculty mastc/y-of subj^ matter. College courses, Natioiul Sdence 
Foundation Institutes, and a wide variety of b<foks and journals provide 
access to current trends in sdence, A thorough daily riding of a 
comprehensive newspaper is an effigjent method of id^itifying the 
advances in science relevant to the cujcriculum. 



?ro€e^ses of learning '-v^ ^^.-^ 

Of cotirse, in order for the science supervisor to be effective, 4us 
or her understanding of scientific facts and ^prindples must be com- 
bined with an appreciation of how children kam these concepts. 
Theories of jearni^ig have been amplified in recent years to indudc 
affective considerations. The need for students to develop a positive 
sdf-concept by experiencing success rather .than reputed failure in . 
learning science has been widely discussed. 

Emphasis u^n the processes of science, as well as its contcnt,Vis 
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one method of promoting smdcnt achicvemttit. Having students , ni« 
•questions, make observations, and predict- r«ults involves tl«m actively 
in learning science, Tkt supervisor siu)uld rfcogttize what kinds of 
classroom environments are conducive to this approach, and hc^r she 
should be able to help teachers provide it/If teachers are to encourage 
student inquiry, then the supervisor must be aware of questioning 
which faciHutes inquiry. The supervisor^m then evaluate and -tssist 
the staff in developing opcn-^ded teaching styl«, A major part of 
this approach involves iaboratorj^ experiences for the students, ^rnplc 
manipula^on of apparatus to obtain predetermined results does not 
create learning situations. The supervisor shoiild be knowledgeable 
about approaches which require students to recognise and define 
problems, devise methods of attack, become familiar with the limita- 
. rions of data, ^nd exercise qaution in drawing conclu^ons- The 
supervisor must know how to prepare experiments that have unex- 
pected answers ^ that students will be able to develop some confidence 
in their owircffom and will learn to account for their terrors. 

Psycplogis^^^^ch as' Jerome*|[runer, ReSbrt Gagn^ ajld Jean 
Piagct, have advanced theories of learning which have profound im- 
plications for teacWi and karping science. The science supervisor 
should be familiar wfth their writings, and should be in a position to 
encourage staff di^ussion of their ideas. In addition, the science 
supervisor should investigate the elementary school science curricula 
(Elementary Science Study, Science— A Process Approach, and Sci- 
ence Curriculum Improvement Study) which are based upon the works 
of these psychologists. The Journal of Research in Science Teaching 
and Science Education regularly publish the results of. studies in the 
fteld^ The science department library should include these publications. 

Continuing education in the above areas would not be complete if 
the science supervisor did not meet and confer, with colleagues at 
local, regional, and national science conferences. A sharing of ideas 
. and a discussion of problems enables the supervisor to broaden his or 
her perspective. Conventions also serve as excellent sources of infor- 
mation for science concepts, teaching processes, and new curricula. 
As a curriculum in ^ience develops, the designers present its high- 
lights at these conventions. Attending these meetings and talking with 
curriculum proponents enables the science supervisor to develop 
insights riot available from the printed word. Specialized publications 
listing'science curricula can be used to augment convention attendance; 
Several National Science Foundation publications as well as tiie Report 
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of the Intematioml Clmmglnme ani Science and M^^sematics Cut- 
riaikr.Devthpm^ntf are ireful in tibis regard ' 

• t ■ . : ^ 

Scknce mui society 

AiMther important concern in terms of ^-imprpvcmciit is the 
for the sdence supeiyisor to appredate t^ iinpo^ 
society. The supervisor acts as a leader in profltoting growth attK^jg 
tfic facility. Teachers must be aicouraged to explore the facets of 
sckiKe which directly affca the lives of tl^ students. Both teachers 
and students ^ould be able to icfendfy issues involved in current 
controversies; to isolate tradables and to sugge^ what data axe ne^^ 
sary to make a judg^nent; to predict results of certain actions; and 
to infer the consequences for soci«y from these actions- If the science 
supervisor wishes to pirovide idiiwdon by example, he or she mu« be f 
familiar with the is^es involved. Science md Society^ a publicatio|i 
of the American Association for the Advancement of Sdrace, is an 
excellent source of articli^ and books on this subject 

• . ' , . ■ ■ » • 

The supervisor as leader 

Exercising iMdcrship effectively sets the supervisor's position apart 
from that of other teaching colleagues. An a\^<;ncss of how to 
identify and utilize the Varied talents and personalities of faculty 
should be an important outcome of continuing education. How to win 
cooperation^ when to delegate authority, and to wlwm, and how to 
gain acceptance for innovative technique are but a few of the tasks 
that conJiont tKe supervisor. Often these skills arc learned through 
^ on-thcr job experience. A more formal approacKmight be to participate 
in a human relations training seminar. These ses^ons can provide 
insight into processes of group problem solving, facilitating group , 
consensus, and evaluating personality types. ^ , 

The supervisor can then help teachers become more self-analytical 
in terms of their teaching personalities. He or she will be able to act 
as the l^der of a group dynamics session at a departmental meeting. 
Contrasting dependent, independent, and ccimtcrdei^ndenV types is a 
valuable experience. Some teachers and students rely on structure, 
loider, group, or agenda. Others feel comfortable without a structure, 
whereas some rebel against almost all forn^ of ^unicture. How do 
these traits influence teaching and learning? Intimacy needs are also 
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revealing. Some teachers hsive a need to keep the group on $. personal 
level Others encourage and^^generate personal relations wf^ appro^ 
priate; whereas some need t^ keep relations whh others formal and 
impersonal, and have a 1iecd\o keep jgroup interaction formal and 
impcrsonaL , ^ . 

Colleges, school districts, and specialized group^ offer courses in 
htmum relations. School counselors, should be able to direct science 
Supervisors to appropriate sources of information. 

Value systems 

As the supervisor becomes more involved m this aspect of personal 
growth, he or she becomes more^iwarc of value systems and hov/ they 
influchce the teaching-learning process. Each learner and each teacher 
brings a diiffcrcnt set of priorities of moral preferences to the classroom* 
Questions on population control, genetic manipulatipn, pollution, 
ozone layers, and drug use involve the value systems of the investigator, 

^mc teachers and students make judgements on the basis of tl^eir 
own personal concent and well-being. Others vnW accept external 
rules of morality as determined by the society ol which they arc a 
part. Absolute moralities (so-called ^'higher moral principles") deter-' 
mine the judgement of others. Values clarification studio may hold 
great promise in hc^lping. students develop better self-concepts and 
attitudes toward learning. Science supervisors should understand these 
values as \vell as the valacs of science. Much has been written about 
using values in social studies. The alert science supervisor will wish 
to consult colleagues ivho supervise that subject. 



Accountability 

A persistent movement within education, quite removed from 
' values and human dynamics, is the efFort to promote accountability 
within school systems. Supcrvlson> must be conversant with the spc- 
ciali/xd literature of projects in this direction. State legislatures 
throughout the ^i^ntry have mandated various accountability systems. 
They range from conipclency-bascd teacher educational programs to 
performance based evaluation criteria for teachers and/or students- 
Teachers arq^^skcd tQ^.describe long range goals for their courses in 
terms of student f^rformance. Consequently, teachers must become 
more specific in describing what students can do/ A key element in 
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this design is the idcntificatidn of measurable, behavioral objectives for 
students. The science supervisor should assure that teaqhers include 
the affective as weU as the tognitive in developing compctaicies lists. 

Proposal writifig * - 

Knowledge of how to write behavioral objectives is valuable whea 
writing grant proposals. The Federal and State governments provide 
aid to education in a variety of ways. Funds for material an4 «ipplicjSr, 
initiating new programs, professional impKjvcmclit, aiul research 
projects are available under titl« of education kws. Ettvironnymtal 
education, metric education, and bi-lingual education are some broad 
^ to pics under which gi*ants may be written. There is a particular style 
and language to be used in writing grant prop>osals; the science super^ 
visor should acquire the necessary expertise in this area. The Catalog 
of Federal Domestic Assistance and The Guide to Federal Assistance 
for Education provide listings and infoitnation about government 
supported programs. ^ 

The courses of action suggested in the previous pages are only 
a part of the <;ontinuing education necessary for the science super- 
' visor. What remains arc areas in which the supervisor must constantly 
improve skills and abilities as the specific situation requlr^. For exam- 
ple, the school student bo^dy changas. as population shifts. Science 
classes arc no longer filled with academically oriented, middle class 
^students. They 'may have be^p replaced by economically and educa- 
tionally disadvantaged pupils. How docs the science depait^cnt re- 
spond? What leadership does the superv^isor provide? ' ■ 

There are no books or courses . which can provide specific 
reraediesin such instances. However, the supervisor should be in a 
position to draw upon his cat her knowledge of learning in science, the 
nature, of the learner, value systems, and process approaches to suggest 
several plans of attack. Human relations experiences and aq involvement 
in community affairs arc helpful assets in facing this type of problem. 

Continuing education miist be more than occasionally reading 
^ the literature or taking a course. A degree o^ planning and preparation, 
should prcccjic the development of a program for continuing self- 
education, The supervisor might draw up a list of all the areas which 
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arc important to die pcrforimnce of his or her work. Sclf-«rialysis 
of strengths and wealmesses could identify what aspects are in need 
of improvement. Then a time-table, perhaps over a tl^ee year period, 
could bic developed so that improvemeots are achieved. 

Continuing education for the science swpervisor is more than 
inci(ftntal learning. It is the result of a dearly tiwught out plan of 
self-education which actually helps to improve the supervisor through 
a Specific "curriculum" of his or her own cI0osing. There arc no 
degrees, honors, or awards granted at the end^f this course of study.. 
In fact, there is no «id. After die thi^ee years are over, one probably . 
needs a new plan. There is however, the reward of realising self- 
improvement and both personal and nrofesiopal growth. 
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IHfli;^ immunity Resources 
fte> Teadier Education ' 



Edward P. Ortlcb, Science Supcrvifof, St: Louis Public Schools, 
St. Louis, Ma. - 



X)ac of the most important functions of sciaice supcmsion is<to 
(>rovid(e meaningful cxpcxiraccs which lead to staff improvcnumts, A 
major item on Gcorgc*s listing of specific duties of tl^ science con- 
sultant [I] is to c*rry out a continuing inscrvice prc^ram desigi^ to 
provide **scminars, workslK>ps^ or other group activities for profe^nal 
improvement and development, of the science teacher's t^kground*^ 
Because the supervisor has knowledge of the school scicturc curriculum 
and of the strengths and weaknesses of the staff, he or she must be 
instrumental in planning inservicc programs for teacher&-0>llegcs and 
universirics have long been iitiUzed fo implcn^nt suck programs. Less 
formal programs are often admini^ed by supcrvisprs them^ves. 
However, local community institutions and organizations have often 
been overlooked as a source fbr teacher education- Local community 
resources may provide programs v^hich range from an mformal after- 
noon sc^on for studying locaLlo^dls to a formal, college-credit 
course to learn how to use the planetarium as a sdcnce resource. 

The following camples iUiwrate methods of utiliaing a v^ariety of 
community resource for teacher education. 



motions 



Amateur and hobby orgcmkmom 

Often the science supervisor may find that a situation aris^r'fe 
which it is expedient to offer a meeting or workshop for a very specific 
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purpose. As aivexample^ a ^up ^(^lemejitary teachers may £nd 
that they do not have the sldils for idcatifyihg the local rocis and 
mbcrals or are not familiar with local collecting aitas. The science 
supervisor may arrange to have a group from an amateur rock ^nd 
mineral organizatioa ^ke tt^ teachers for in afternoon field trip to 
a roct outcrop to learn first-hand the field tets for clkinguishing 
the min'erals caldte and quartz* 

Paleontological societies can furnish the cxj^rtise fM fosdl identi- 
fication se^ons and perhaps even provide some specimens for the 
teacher's classroom. Astronomic^ organizations may be contacted to 
hcjp in setting up a descriptive astronomy workshop. 

Similarly, other load amateur grouj^ may ^ called upon to 
provide short term workshops in such areas as wildlife identification, 
photography, enviromncntal legislation, or outdoor education tech- 
niques. Other organizations such ^ the Humane Society of the Animal 
Protective A^ciation can provide speakers and materials for programs 
dealing with the care of classroopi pets. 

r- 

Health orgmiizations • ' v 
Health agencies, such as ;he American Cancer Society, American 
Red Cross, Heart Association, and the American Lung Association, 
are more than willing to provide assistance in the form of materisils 
and speakers for teacher cdi^ation programs. To illustrate, when a 
School system initiated a sn^oking and health unit for its 5th grade 
classes, a short workshop yas held in cooperation with the local unit 
of the American Cancer Society as a part of an overall inservice 
program for the teache?^ A physician spK)ke on the topic of health 
hazards of coking for children, a packet of materials was provided 
for each teacher, and ncrtincnt audio-visual materials were previewed. 
Local units of the Aryierican Red Cross often have instructors to give 
cla^room teachers a course on the basics of first-aid so that they can 
certify their student^ in first-aid. 

Professional orgaTnzations 

The science supervisor should also be alert tp teacher education 
opportunity^ offered by local, state, gnd national science organizations- 
Workshops, short courses, and seminars are parts of conventioti pep- 
grams of professional science organizations. The National Science 
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Tcacl^ Assodatiqii (NSTA) offers a number of s^rt courses and 
seminars each year at its annual convcntioHr^Ilic popular NSTA- 
Suiuk:o Science Seminars have covered a wide vmety of topics such 
a& oceanography, chemical evolution, nutrition, arm atmospheric sci^ 
cncc. The supervisor has the responability to find W what njcetings 
will be held in the area and to infoim teactwy^ of th^Kfc^<^erings. The 
^^Calendar'* featured m NSTA journals is a good lead on finding the 
dates and pbces of natidnS' science, rneetings* 

^Cultural histittaUms . V 

Cultural institutions such as sdencq museums, botanical gardens^ 
zoos, aquariums, planetariiims, and natiuc centers arc heavily/used by 
teachers and their students for field trips. However, these institutions 
sho^ild also be conddercd as resource for teacher education programtff 
A UNESCfX^ublication of 1968 describing the role of the museum 
in cducarimNndicatcd that there is a "growing' r^lization amori|f 
school tea^l^rs and administrator^ that the museum experience has 
something veiy special to offer. . . [41 The federal govemm«Tt. 
has also recognized the value of culttu^l institutions in teacher edu- 
cation endeavors when museums and related agencies were included 
in the definition of educational institutions for purposes of applications 
for specific federal grants. . 

Youngpe^r states that "as museums look for new irfiages and new 
roles, surely one of these must be that of teacher resource center so 
. that teachers themselves will not only IcarA what facilities the museums 
have available, but what experts^ reference and collections arc avail- 
able to them in their pyi^uit to become increasingly more competent 
and current in their daily work." [ 5 ] 

The science supervisor can be a facilitator in arranging sehool- 
myseum cooperative programs. A workshop ior short course held at 
the institution can not only familiarize teachers with its offerings and 
lay the foundation for conducting a better field^trip^ but it- can alsc^^ 
be an opportunity to provide a review of ba^ science. 

An- illustration of such a program is the very successful workshop 
developed at the St Louis Zoo for elementary ttechers. "The Zoo as a 
Scieocc Resource" is a one-<:redit course offered in conjunction with 
a local teachers college. The cour^ is designed to give information 
concerning the natur^lf history of vertebrates, th^ behavior of zoo 
animal^ and the operition of the :^oo. The lectures are given by 
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members of the zoo staff, viadng biolog^ from the local umversitits, 
and the science supcmsor. [2] The Brookfidd 2oo in Chicago has a 
cooperative pxtJgram of a similar nature* 

Other instituticms across United States arc involved in teacher 
cdnaition programs. Roger's survey of nearly 3000 rauscxims indicate 
that 68 percent had formdated some type of working relationship 
with elementary schools, secondary schcK)Is, or colleges* However, oaly 
11 percent of the institutions were involved irt teacher education 
programs* [3] ' 

Some suggested exampks of worldhops and seminars that can 
^ provided by cultural ii^itytions arc, in the accompanying table* Note 
the wide variety of topics, Msmy 3r applicable to both elcmoitary 
and secondary teachers. 

WORKSHOPS t'OR TEACHERS 

Institutiom Topics 

Planmriums Celestial Mechanics 

New Planetary Knosvledge 
Cellar Evolu^km \^ 

Botanical Gardens Qassrocm Want Propagation Tcctiiiiqucs 

Food Plants 



Ca^pe of Cla^room Animals 
'Zoogeogtaphy 
Ecology 

Science Museums Dinosaur Evolution 

D>Tiamics of Flight 
Meteorology 

Historical Societies • Anthropology ^ 

Pioneer Medicines 

Nature Centers Urban EcJ>logy 

Environmental Science 

Aquarimns Underwater Photography 



Marine Biology . ^ 



Art' museums have also been active in science .teacher education 
programs and such topics as archaeology, the history of scicike 
through art, and scientist-artists help to foster an mtcrdiscipUnary ^ 
spirit 

Cultural institutions can become involved in teacher education 
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by offering consultant service for curriculum evaluation and develop* Y 
Tt^^ Perhaps be^ known in this £eld are the activities of rixt Oregpoa 
Museum of Science and Industr>'^ Science institutions ^dso produce a 
number of study guides, informatian sheets, etc*, which provide m 
indirect source of teacher education* ' 

Thjt use of CQmmunity roiources allows many avenues fo^ pro* 
vidmg a wide range of inservice activities f^r the professional growth 
of t«cf«irs- • 

f . • 
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The Graduate Education 
of a Science Supervisor 

David Butts and David May, Department of Science Education, The 
Unh^sity of Georgia, Athens fGa. 

A teacher is concerned about a new science curricultSm. A proWem 
exists in obtaining supplies and nuteriak The ne^ arises for a change 
in instruction to meet new denuuMk^ students with special learning 
needs. The science supervisor is the source for help in all these 
instances. A- budget committee needs to know how much money to 
allocate for science instruction. The science supervisor, who is familiar 
With district needs aijd goals in instruction, is logical person to 
answer these questions. School administrators must rely upon tlw 
information of their instructional supervision staff. Thus, the responsi- 
bilities of the science supervisor arc ess«itial to effective science 
instruction and securing resource! for that instruction. 

Preparing a person to serve as a sup^visor is a challenging task 
One factor ^ formal academic training in which the science supervisor 
gains essential knowledge and skills. To seka those courses most suit- 
able for developing needed skills, one must make a needs assKsment 
of what a science supervisor may be called' upon to do in the per- 
formance tif duties, and then design experiences to &t those needs. 

Fwictions of a science supervisor 

A science supervisor performs an integral and important role in 
the total instru(;^onal process. The kinds and qualities of services 
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performed by the science supervisor will afJfcctfthe «ncnce program 
of the entire district, as well as that of individual classrooms* Depend- 
ing upon circumstances, and the school district administrations, a 
science supervisor may be called upon to demonstrate skilly in any 
or all of six areas. 

1. Information Source. Science as a content area has a unique chal- 
lenge. The subject matter of the discipline Js constantly being 
added to, revised, altered, or deleted as new data are derived and 
analyzed. In addition to the heed to keep up with this changing 
knowledge base, there is an equally important challenge to kwp 
current with new instructional programs and techniques dcvelopc4 
to meet the changing learning needs of pupils. Keeping teachers 
aware of these alternatives is a second challenge for the supervisor. 
For th?se reasons, one of the most important responsibilities of a 
Science supervisor is that of acting as a source of information about 
alternatives in science curricular ntfaterial. Tmr*p«^css of helping 
teachers mairttain an effective ki^wledge^ level in niw techniques 
and programs is of extreme importance in maintaining a high 

• quality of science instruction. Thus, a science supervisor needs a 
strong knowledge base in the teaching of science at all levels K-12. 

2. Cormminl cation L/>U'/0>mgiunications between groups of people 
are often difficult to establish and mairttain. In schools where 
everyone is working toward the same goal, communications are* 
hindered by real and imaginary barriers, Helping to break those 
barriers by developing and extending lines of communications 
between teachers at different grade levels, between teachers of 
different subject arcas,\and tetwcen rciichers and administrators is an 
imponant roicvfor the science supervisor. Transmitting concerns 
and ex^iectations between groups is facilitated by soTneone who 
works within aft levels in a system and has first-hartd knowledge 
of concerns and problems faced by a wide range ofs^«ch'ers. Thus, 
a scienc£ supervisor ncccSs a broad understanding of the cpi*i<Hilum 
goals of a school and ways in which different teachefs are 

,.^>ning tt5rrncet these goals. , 

3. Planning and hnpleinentatKfih Another function of a supervisor is 
that of planning and coordinating instruction. 1 hrough observa- 
tiorfof the whole of science instruction rather than discrete piecesj 
the supci^visor is able to plan and coordinate the integration of 
instructional efforts at all grade levels. Implementation ^of new 
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■ progtarils in science is facilitated by a kno>ybdge of how that 
approach will hUp to meet the objectives of ^science instruction 
A&^art of the planning role, the supervisor is also iji ,a position 
to^3p''fo.nnulatc those objectives, ^ is true with an orchestra 
cUrcctor, the supervisor needs to know both the total score and 
how to help individual performer* fit into that^total picture. Thus, 
a science supervisor needs to know how to communicate a total 
curriculum picture and secure commitment from individual teachers 
, for their individual parts. , 

4. Model. In most cases, introducing an innovation or an alternative 
strat€g>' to. teachers will not ensure its adoption. The supervisor 
must demonstrate how thai; innovation or 3lt,^tion may be effec- 
tively used in the classroom to meet special needs of pupils- Tliis 
direct demonstration of expected performance can serve, to better 
illustrate techniques and relieve anxieties. Jhus, the science supcfn 
visor needs to be a master teacher with a wide repertoire of "in- 
structional and management §ldlk 

5. Sources of - Feedback. Improvement of otesroom instruction in 
science begins vvith teachers*^ evaluations , of their teaching per- 
formance and continues with specific suggestions for improvement 

* The science supervisor is a logical^pcrsbn to asKst a teacher in 
this self-assessment. At other timesrthe super^-isor may be called 
upon to provide feedback for the evaluation of teacher performance 
for purposes of retention or hiring. both of these situations the 
suDcrvisor needs to have a variety of observation and feedback, 
'strategics and the ability to disringuisli what feedback is being 
requested. . ' , 

6. Manager. Science instruction relies upon material resources, equip- 
ment, and supplies. The supervisor is usually responsible for the 
management of these resources. This task involves developing 
budgets to obtain needed materials and allocating existing resources. 
Careful planqing is required to ensure that' needed materials are 
available witliout waste or loss of money. Thus, the science super- 
visor needs skills in finding needed materials and is "selling" the 
need for. these .to the school administration. 

"^soml qmhficatwm of a science supervisor . . 

What kind of a person can best- fulfill these six functions? Can 
any science teacher become an effective supervisor of science instruc- 
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don? In terms of prer^ui^ pex^ml quaiiScatidns, a potential 
supcrvisorshduld l^: 

h Flexibk. A supervisor must Ac able to work with people ^t ail 
|f school levels, communicate v^h them, and contribute leadership 
. indealing with their personal ccuicenxs. 

2. Creative. Creativity is r^Chtia^n developingi implementing, and 
a^ses^ng curriculum materials axi^^ instructional materials Jul science. 

3. Reflective. A sii^rvisor must reflective in order to identify 
societal needs of significance to ^ncc instruction and judge tii« 
merits of alternative l^umiiig envi^|aments and nK>dels of science 
instruction, 

4. SeTifitive. To help others assess their t^ching and make nece^ary 
modification^, the supervisor must be sensitive. 

• * . ■ ^ 

Vrofessioml qmttficatiom ^ or a science mpervisor . . 

A science supervisor must also pos;c^ specific professional quali- 
fications. • 

1. Cmnpetence in Interpersonal Skills. This area includes the enhance- 
ment of a teacher's ^If-concept and the formation of a se^ of 
values that can krve as a reference point for reflective thinking an^ 
change. This includes knowing hbw other teachers and admini^ 
tratoi:s perceive you in a variety of roles as an educational ieadef, 
and skill in listening to what people say. The ability to interpret 
and act upon input from others in sensitive and constructive ways 
is essential. , j 

Human relations training, as a part of an intensive study in 
psychology^ would be an important part of graduate study for 
supervisors. Much of a supervisor's work depends on the quality of 
. interpersonal relationships developed. Such competencies would 
include observational and communication skills, as well as training 
in group process skills.- • • 

2. Competence in Science. IndividualAvho expect to deal with a wide 
range of science learning environments within tHc e4ncationaI 
system should have considerable breadth of learning i^ science. 
Such knowledge should foster creative thinking about tl^>«ilaaon 
of different branches of s<yence, the interdcpcndencc^f ^^^^^Jj^^ 
society, the processes and styles of scientific puisuit^t 
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it from other int^cctual endeavors, and the procedures and ^styles - 
which link science to other intellectual pursiats. , 

Before accepting the responsibiUkcs of a sdcnce supexvisor» 
it is assumed that a person would posses knowledge in some area 
of science at or above the Masters' Degree level. Competency in all 
areas of science is an unr^Ustic expectation, jbut a science super- 
visor should have a bfoad knowledge base in jscicuce. Anything Icjss 
iflay art to^pair communication with teachers and decrease the 
^dfco^cncss of the supervisor, * 

3. Competence m the Soctai Conrext of Education. This area requires 
^ an understanding of scIuk)! organization, its structure,- and soci- 
ology. The science supervisor sk)uld recognize the socioeconomic 
and political forces wli3ch have shaped education in general, and 
science education in particular, in the past and which continue to 
influence both the systems. Of particular importance is the need 
to understand those process^ by which changes in schools occur, 

* and how both teachers and administrators learn to cope witl\ the 
changes or participate in the processes. 

Thus, the graduate program of a supervisor should also be 
related to the topic of schools as; entities and as extensions of 
society. Such studies should concern the role of schools in affecting 
societal change 'and act in response to the needs and desires of 
society. Without such competencies and the abilit)' to communicate 
them, assessing curricular programs in a total coyrtcxt would be 
difficult. ' ' • 

4. Co7?ipetence m the Design of Cimlctdmn, The development of 
-science curriculum materials, implementation tnodels, and science 

' tcatrhcr preparation schemes depends upon the application of prin- 
ciples from askjciated fields such as sociology, anthropology, psy- 
chology, and communication .research. The science supervisor's 
competence in these areas is essential to 5he extent that these areaS 
contribute to science curridiilum decisions. Supervisors must recog- 
nise and^usc various mgdels for development and learning. 

Thus, the program of graduate study should also include an 
emphasis in course work on competencies in curriculum develop- 
ment "and a^cssment. A part of such study should emphasize 
approaches to integrating areas of the curficurum, a rationale^ for 

• ^uch efforts, arjd specific ,tcchriiquefiMn development and implc- 
menta?(on of an integrat9<h:urncdlum, 

5. Competence in the Instructional Process, The function of a science 
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"supervisor requires skill in analyzing and evaluating^ plans for 
curriculum design, instructional materials, and teaching strategies. 
Such skill includes knowledge of available materials, technology, 
and alternative instructiooal techniques. It also includes the ability 
to adapt materials and strategies to* new situations, to o^ecognizc 
effective innovations, and to suggest appropriate alternatives, 

6. Compete7ice in Imtructioml Evaluathn. fnstructional evaluation 
\ requires *two skills: the abilit)^ to interpret results objectively in 

relationship to thcf context from which they were obtained, and 
the ability to communicate with science teachers in such a way as 
to|stiniulate them to examine their own teaching processes. 

7. Co7npeten<:e i7i A(kn'mistTation, For a science supervisor to function 
within, schools and their related agencies, he or she must be able 
to communicate the design of a project in such ^ way as to suc- 
cessfully sccute support from appropriate sourc;^, and to ad- 
minister funds or resources, once they have been' secured. 

Thy^ specific* competencies related to the managerial portion of 
a supervisor's rcspon^bilities are essential. Information on the derivation 
of school budgets, the preparation of such budgets, and the manage- 
ment , of allocated resources are essential elements in maintaining a 
syst6m-wa(^e science* program. 

While each c^i the preceeding seven competency' areas may be 
developed in ,a variety of ways, they ^should all be a part of the 
planning of a program of graduate study. Designing such a graduate 
program requires the recognition and acceptance of three assumptions: 

-1, The responsibilities of a science supervisor vary widely from 
position to position. Variables sucK as the size of the district and 
its gc6graphic location will dictate whether the supervisor has 
responsibility for the scienqe prograiri K-12 or some subset of that 

' whole. This will jn turn , dictate the managerial responsibilities 
assigned to the supervisor. . 

2. Persons preparing to serve as science supervisors vary in their pro- 
fessional background and experience. De^th pf knowledge in the 
content of science andVhe extent of classroom experience, are two 
variables which shouicUinflucnce the specific emphasis, in graduate 
study for a science supervisor. 

3, Graduate programs and courses available to a science supervisor 
vary greatly from one geographic region to another. Whatever 
type of program of study is recommended, one^nust realistically 
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a^css the availability of graduate in^iijcticni* Another hctoi is 
tJ^ incentive provided to induce graduate study. ^ 

Granting these assumptions wrongly ^implies that a graduate pro- 
1 of study for science supervisors will, like the supervisdxs them- 
es, display a ^eat deal of flexibxUty. The program mu^ be tailored 
meet the individual needs of the supervisor, taldng into aa:ount 
the resources available. Based on the broad oudine of a graduate stiidy 
program in the seven areas of competence, a program for a specific 
supervisor will include the neccs$aiy competence building upon an 
already existing framework of knowledge and experience.^ 

In additicHi to formal course work, it is essential to provide super- 
vised practical experience in tiic graduate program of a science 
supervisor. A component of this internship or practicum should enable 
the supervisor to apply the competencies directiy to real problems. 
This opportunity to t^ ideas and proc^urcs would add to the 
dimension of flexibility which appears so n^essary ip die pre{»ratioii 
of a science supervisor. ' 
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Fraiiklin D. Kizer, Supervisor of Science, State Department of Edu- 
cation, Richmond, Va. 

■ - \ 

One of die most important prof ^onal leadership r^pon^bilities of 
thd science supervisor is safety. This responsibility is assumed through 
the basic understanding of science educators that safety is an integral 
part of science instruction. 

Safety may be defined as an avoidance of dangerous pircumstances 
related to a science instructional activity (^dent laboratory experi- 
ment, teacher demonstration, school-sponsored field trip, or a student 
home project assigned or encouraged by a teacher or tcxAook). 

School authorities often consider the science supervisor an expert 
in all areas of science and safety; therefore, it is imperative ftar the 
supervisor to develop a plan for safety. The plan dust integrate the 
best practices of scientific and educational mcthoos: obscrva^on, 
analysis, and conclusion leading to recommendations or program of 
action. 

To function effectively, the supervisor should have up^to-date 
knowledge ab^t his or her^responsibiliti^ as they relate to the 
following: " 

L What arc the safety laws, published policies, and direcrivis m use 
in the school system? 

2. Does the employer carry tort insurance to protect ypu and xh^ 
science teachers? ^ 

3. What science and othef safety* records are maintained by the 

system? 
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4. Is there a science -accident report form available for ixsc by Urn 
science teachers? 

5. Are there science facilities safety inspection reports completed by 
teachers or safety personnel? " 

d Docs your office have a complete inventory of the science facilities, 
equipment, and materials for each school in the ^^em? 

7. Does the inventory list indicate the hazardous materials and danger- 
ous equipment? 

8. Are there unlabeled reag^ts and unknown items stored in the 
science department of any school? ^ . 

9. Do you have the services of a legaladvisot? 

The supervisor should not t>e' discouraged if the ^answers to a 
majority of these que^ons ate negative. Such answers will provide 
at least one reason why the suf^rvisor should visit each science 
laboratory, classroom^ and borage" area with the scij^nce teacher(s) 
using the facility and ask to diown the safety equipment, and the 
master cut-off switch or valve for the servic^used such as electricity, 
gas, and water/ On such visits, don't forget to wear the necessary 
safety equipment (goggles, etc.) and don't hc^tate to inquire about 
the frequency with which fire extinguishers and other safety equip- 
ment arc used, as well as refill or replacement procedures. Copies of , 
student safety instructiorjs used by the teacher should be requested* 
By following this procedure, the supervisor establishes an awareness 
for safety if it did not exist, and has let the teachers know of his or 
her concern for safety. ^ 

When \isiting schools, the supervisor should inquire and/or 
observe if it is possible for the teachers to secure the laboratories and 
storage areas to prevent unauthorized and unsupervised use. How are 
hazardous materials and equipment stored? ^45iiiat concerns do the 
science teachers have for safet>'? It is the supcrvisot's duty to discuss 
concerns for safety (in a confidential conference with the teachers), 
and to offer suggestions for correcting unsafe conditions observed for 
the first time. Positive enfoKcmcnt of desirable safety practices is 
also useful. \ 

Ask the teachers if they have any objections to your returning 
later to take photographs of good science safety procedures. The 
media center may help with this project. ^ 
following a tour of the facility, the supervisor should anal We 
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conditions observed and suggest a plan for improvement wWch in- 
cludes Sanitation, housekeeping, safe. storage and* use of hazardous 
materials, student safety practices, and teacher safety practices, 
^ The supervisor shoufd report to his or her immediate superior 
what has h^Cti doner and if necessary, request {^rmission to meet 
with all off the science teachers to discus^ safety practices and plans 
for a cooperative safety program, k is important that the teachers 
feci that tllc supervisor is trying to help them and is concerned 
about their lafety and that o? tlurir students. 

Teachef input in the safety program is imponant.. Efforts should 
b^jaad#<n obtain from each teacher a safety check list of the facilities, 
Student experiments, etc. Teachers should be organiEod ^ntn working 
committees for safct>% This should not take a great deal- of time and 
more than likely, the results will be extremely hclpfufto themnshould 
a case arise involving icgal action. Ojmmunication between the 
^chcr, administrator, and the supervisor is essential^ for a good 
safety program. A daily safety report filed by the first teacher using 
-a science facility can lie included on the attendance report sent to 
the administrator s office. It riiay contain the word* "safe" or *'un&afc," 
The person receiving this report shoul^ be instructed tb^.-notif<^ the 
supervisor and other appropriate personnel at once. School adminis- 
trators shc^uld be asked what course of action they wish teachers to 
take when the room is considered unsafe. 

Money for a safety program maj^- not he readily available. In such 
instances use ma^';be made of . free, services for teacher inscrvice 
programs such as a course in first aid given lay thfc local rescue squad, 
legal interpretations of safet^' lggisl^tio[i by appropriate legal authori- 
ties, and safety inspection checks by'thc^ Jocal health, fire, and police 
departments. Safety seminars by ^ocal professiohal societies-* such as 
the American Chemical ScKiety might be available^ and college in- 
structors may be. willing to render frec""strrv4ccs {)n safety. 

Try tn establish a location within a metet of the room exit door 
for fire extinguishers, fire blankets, and other safety equipment. An 
inexpensive sfiowei; and eye wash fountain can be provided with a 
poHai^c^ hair rinse shower. Labels should be:made for all reagents 
placed ^n unmarked containers. ''Safe use'' instructions should be 
obtained fronv suppliers prior to the purchase of new or hazardous 
materials. ' v 

F.ach student laboratory experiment should be examined to deter- 
mine a tisk scale ringing from safe (1) to unsafe (10). All textbooks 
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should include an appropriate warning regarding die i» of hazar^us 
materials or procedures. 

Perhaps some day intcrQational safely ^mbols will be available 
to encourage science safety for teachers ^d studaits. In tlic n^andjue, 
"Have a safe day" is a most appropriate way for ^cncc teach^r^ to 
g^et each other and their students. 
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D. Anita Bozardt and Roderic E, Righter, Depmmem of Educationy 
Oakland Unwerskyj Rochester^ MkK 

' ■ ■ ■ 
Supervisors have a responsibility £c^ loidcrsHip ia.tM area of legal 
liability. Leadership in this context means: assimnjf^warcness of tic 
topic and its implications by both the supcrvi»isand their teachers; 
planning for prevention or avoidance of incidflii^J^LaK^JchA or 
thcir\ teachers could be considered liablc^^jind serving as r ra^urdt 
on such mattery ' 



Awrreness 

Supervisors are usually aware of areas of the law such children's 
and teacher's guaranteed rights under the Constitution, )flic rights of 
freedom of speech, freedom from illegal search and seizure, an^ basic 
due process. However, legal liability for negligence or the law of torts 
is an area that few understand, iWcfore, supervisors should ^become 
knowledgeable about this area of the law and then help their tochers 
build awareness, * . 

Because teachers woi*k for a local board of education, they arc 
often under the false illusion that imuries which might occui to pne 
of their stujdcnts is the responsibility of the board, par4icularly if legal 
action for monetary redress of the injury is initiated. In >ome states 
nothing could be further from^ the trutk Teachers can be and somo- 
rimes are held legally liable as individuals. 

Certain 'key principles are essential to understanding legal liability. 
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These iJrinciplcs arc: / 

Sovereign hmrnmhy-r^Very amply stated, sovereign immunity 
means that die govemmait and its subordinatt units (incltwiing school 
boards) may not be sued in cases of bodily injury that result from 
tlw negligence of an employee. This principle is a hold-over from 
English Common Law and applies in one form or another in moa 
states, except where it has been rescinded by court or legislative 
action. For example, in Caliipmia the principle is not operant, but 
in Michigan it is. I 

Law of Tons of Legd LiabiUty for Negligence-^ThE legal 
principle is defined as a civil wrong committed against another person 
which rcisults in an injury- ^ 

Dttfyr—Both teachers and supervisors ha^ specific functions or 
duties that they arc expected to perform either implicitly as a result 
of their role or explicitly as outHfic^y board oV education ^les or 
the master agreement- \ » _r *\. 

Breach of Duty —When a duty has not b«a performed ilia 
reasonable or responsible manner a breach of dutjr is said to hat- 
occurred. 

Proximate Cause— In tort cas« this principle refers to the closen* 
of the teacher to the cause of the injury. If an injury has been 
sustained by a student that hiight have been prevented had the teacher 
been performing his or her duty in a reasonable way, the teacher 
might be the proximate cause for the injiiiy. 

/»7«ry— In most tort C3scs,-45iury /efej|g to' a visible phyacal 
'^injury of some severity suffered by an indj^^du al.^Sey erity in this, 
instance is considered to be an injury which migH™??^ the nprmal 
funcrioning of the individual over an indefinite period of time, such 
as the loss of a finger or an eye. 

Absolute InsweT—What is meant specifically is that no teacher 
can absolutely insure that injury will not occur to a child. The point 
here is that although every precaution for children's safety may have 
-been taken, a child might srill be injured, ^n general, the courts have 
utilized this principlcTn court cases to absolve a teacher's alleged guilt. 

ReasonahlenessSanply stated, reasonableness means a teacher or 
supervisor has acted as any teachcr^^,pr-««pervisor would in a like 
situation. This term is very important in tort, cases because the plaintiff 
usually must prove that the teacher has acted unreasonably. ^ 

In cases of torts, the general rule is to appl>' this equation: 
Duty + Breach of Duty + Proximate Cause + Injury = Tort Liability 
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Givea this rule and the a^ve^ definitions, jd^ f^U^wing ca^ are 
offered as examples. ^ < 

Example A — If teacher A had breached his dMty hy being out 
of the classroom for an extended period of time and^if it could be 
shown that had been in the room the in}u«y-«igw not have hap- 
pened, he could b« the proximafc cause. Therefore, the teacher in all 
probability would be in Venous jeopardy. In this instance the pUuntiflfs 
lawyer would most certainly subpoena other teachers to determine 
the reasonableness of rf^ defendant's action. Additidftally, if a^fcachcr 
testified that a reasonable teacher would not have left the classroom, 
then the defendant is in double jeopardy. 

Ejcample B — Teacher B has been threatened with suit because of 
an injury to a student. However, investigation revealed that her duty 
was being performed in a rcasQnable 'manner. It was not proven that 
she had Ifre^^hed her duty or that sh^ was the proximate cause. In 
this instance it is extremely doubtful that anyr lawyer would press 
such a case or that a court would find her guilty. . j 

Supervisors/nave a r^ponsi^ilit)^ to create an awarcn^/of legal 
liability in their teachers. By knowing the above principles and by 
investigating the laws of their states, supervisors jwill have taken the 
first step toward preparing themselves to help teachers understand 
legal liability. Problems of liability can be prevented or at least mini- 
mized when a teacher understands the bw and acts accof'dingly. 



Prevention 

Creating aiv-awa^eness of legal liability is step one; step two is 
avoidance of ^tualBons for which li^ility i^applicahlef Helping 
teachers to put knowledge into practice is the responsibility of con- 
scientious supervisors. If teachers will stop and think, many problems 
caj/be avoi^. Think: What is my duty? Am I violating my dttty? 
Am I doing everything a reasonable person would do in thc^pmc 
si\uatipn? / ^ 

The most common responsibilities of science tcaTncrs, both ele- 
mentary and secondary, in addition to actual teaching, are super- 
vising, identifying hazards, i^iforming students of ^fcty rules, and 
requiring i^iherencc to those safety rules. Teachers must avoid creating 
situatftonis in which unreasonable danger is present and must provide 
for the supervision of their students. Leaving the class in order to 
respopd to a call from the principal may produce an, unreasonable 
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chance of ^nges^d a breach of duty. Teachers must exercise fore- 
sight into a potentisdiy dangerous situation and eliminate the dangerous 
conditions. or activities. Ignoring the actuai or potential danger may 
be considered negligence. Allowing students to use faulty equipment 
^ould produce an unreasonable chance of danger. Supervisors, should 
encourage teachers to keep all equipment in good repair or remove 
the faulty items from the access of students. "Equipment" . includes 
chairs aftd desks as well as electrical or mechanical items, i 

Teachers must make and frequently communicate s^ty rules to 
their students. Telling a student once, on the first day of school, that 
safety goggles must be worn during manimiiative activities is inade- 
quate. In addition, simply informing studeqisis not adequate prevention 
of danger. Rules must be enforced. If a student breaks a rule, steps 
must be taken to preclude its happening again. Teachers have not only 
the responsibility but also the afai^^n^ make and enforce rules. 
The acccpcwicc of the duties of t^ch&g^ves teachers the right to 
expect certau^J>chaviors from students withi\ the boundaries of what 
is reasonable uiider the \:ircumstances. Therefore, supervisors should 
insist that their teachers make and enforce reasonable safety rul&. 

A constant vigil of urging teachers to put knowledge into practice 
will return great dividends. Preventing even one injury or even one 
teacher from a verdict of legal liability will show all the efforts to 
be worthwhile. 

Serving as a resource ' 

Science supervisors can prcrvide a valuable service to teachers by 
. serving as resource persons in the- area of legal concerns. This is not 
to say they should be experts or lawyers. Supervisors can assise-feac^ers 
by providing the answers to questions such as: "What is our policy?" 
or "fTow can I find out?" Knowing how to find out is as important 
as knowing the answer "^n many instances. Certainly the wisest step 
is CO consult a^fonipetent attorney. But a rudimentary knowledge of 
the tools available to inform a person of school 4aw is essential to 

supervisors. , , t j 

As an absolute minimum, a copy of the written school board 
p<)licies, the master contract, and the state's school laws should be 
available in the central office. Usually a compilation of the state's 
school code is available at minimal cost through the state education 
agency or the state's bindery. A copy of the federal educauaiikws 
may be obtained from the Jtiint Committee on Education and Labbr 
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of tiie Congress, {7] but its usefulness is lin^ted for a la^rpeisaiL 
For tiw supervisor's office, a book of Landnurk ^iprcrac Court De- 
cisions on public school issues would bfLFiiilaBle, [2] Science Teaching 
and tbe Law^ by Brown and BrowQ« caa*i)e obtained from the National 
Science Teacher's Association. [3] Textbooks such as Prmdples of 
School Laii> by Drury and lUy [4] serve to build a foundation of 
knowledge in the arca« The American Scfiool Law Series pubiisl^d 
by the W. H. Anderson Company is r^mmended [1] 



Suggestions for implementation 

Supervisors should provid^Ieadership by assiiring awaroiess, 
planning for prevtndon, and serving as resource persons- Some specific 
^ggesdons as ^how these things might be accomplished are- offered' 
Bfclow. \ 



Awareness: 

Han and caiTy<|.out at least one iriservicc seminar each year on the 
topic of liability. The professor of school law at your local ufiiversity 



or a local afsomey would probably be more than willing to assist in 
P^ctivity. 



fhiijcital^^tivity. Be sure that every teacher has a working definition 
of tort liability. — — Jr^ 

Pri^VENTION: 

L Urge your teachers to i^tify thfcir duties as statedL by contract 
and implied by board policies, past practices, and rules. Assist them' 
in doing this- 

2. Insist that your teachers establish and enforce safety rules. 

3. Monitor equipi^^nt condition and require -constant checks^ on 
safety of all equipment 

4. Remind your teachers of your concern for their legal ^fety as 
well as your concern for the children's pjjysical ^fcty. 



Resource: 

1, Inform yourself. Read your school policiej, master contract, and 
state code^Rcad a ^i«book on school law, . 

2. Establish a reference /shelf m your office including at least a text- 
book on school law, a current copy of your state's school laws, a 
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current copy^of the written board iK)Ucies; your district's master ; 
contract, and a copy of Science Teaching arid the IjtuK' ' 
3. Establish and maintain a file for information on all liifa^Uty ca^ 
in your system, rcgiojt, or state that involve science. Perhaps a 
' master file of all liability cases is or could be cstabHd^.at the 
^office for' wWch you cduld be responsible for maintaining 
monitoring ^he science section- Few laws arc actually^ 
in the realm of educational liability. Most information can 
lined by reading specific cases* Knowledge of the action 
taken on a* case is the clearest indication of the law. iStablishing a- 
'file arid finding past cases will be tjme-consuming but can be donc^ 
Keeping current sho^d present little tcouble. 



Summary ^ W - / 

, ^ 'Assisting tcachers4g the^arca of liability i* acknowledged as only,, 
one of a multiplicity of supcrvi^rs' r^ppnsibilities. It is a crucial one 
and needs constant attcnripn-' Supervisees must recognize their re- 
sponsibility and iissist teachers. Prevention is so much better than 
remeSiation or sorrow- Awarenc^ is the %st step. Serving as a resource 
reinforces the efforts put forth by teachers: Admittedly ^:hc task is 
not an easy one. Perhaps the suggestions given in this chapter will 
help to keep supervisors advised of their responsibilities in the area of 
legal liability. ' 
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When a 'scicncc supervisor starts wondering what he or die should 
know about -science education rcscajch, the first caution is not to 
become too serious abour thc matter. Ajthoi^gh everyone hopes that 
the research projects that they cany out will drastically improve 
science tcachkig of the future, most of us have come to know the 
meaning of the phrase '^'no significant difference." Too often the work 
that we do has so many variabli^ssociated with it that we're unable 
to shqjjr' any positive correlations/ let alone any cause and effect 
rclationsftip/This^cans thatiWc need to be cautious about any wild^ 
hopes that our research is /qing to rkake major changes inr«ience 
classroom teaching. What We can hope for, however, is that is keeps 
us interested -in- improving our teaching so that it docs bring dbout 
more efficient learning by our sttidl|nts. ^ ^ . ; 
A major concern of science supervisors, in terms of research, 
' should be wJier* one goes when one does need help, as well as basic 
information about the philosophy and objectives of Dutsjtandirig re- 
sclfchers; A good place to look for the philosophical base is the 
addresses of' past presidents of the National Association /or Research 
in Science Teaching (NARST). In his Presidenti^ Address in 1974 
Williard Jacobson pointed out what he considered' to be four different 
types of science education research: empirical, phdlosoptvcal, policy, 



JC 



and developmental or formative studies. J4e noted that they ar-^mter- 
related and tliat frequently 'iiy^ re than" one approach, to research 11 
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used in any particular study. Often, the hard^ part of a r^ttrchcr's 
work is todefine the problem, ■ ^ ^ 

"Jacobson pointed out^ also, that there are two major sources of 
problems in science education that can be used for studies: one theo- 
retical, the other practical. In the theor^cal area, there is son^ lack^ 
inconsistency, or^ vaguene^ such as dicory as applied to science edu- 
cation. For the practical, some problem is sensed as one works with 
students, or struggles with problem planning, or feck a lack of effective 
science materials. Jacobson pointed out that it is important that we 
continue thd struggle until ^ye find problems both with theoretical 
and practical sin6tions, 

Japobson /iSo no^ed'that ^'empirical studies" usually involv^thc 
collcraon offdsta concerning the behavior of students, teachers, or 
other sfctfaTCtts of study. "Philosophical stjidies^* invo fvc analysis 
of assumptions underlying positions or actions, the nature ofyrob^^ 
lematic situationss the delineation of problems within problematic 
situations, and the possible consequences'pf proposed actions. Jacobson 
noted that one of the functions ^of philosophical ^nalyas is to clarify, 
if possible, consequences of actions. He defined "policy studies'' as 
those tha^*mid|#\iclude historical studies in which policy decisions 
and the coi^^eittes drc aq^K^ed, comparative science education 
studies to learn from the experience of others, and futuristic studies to 
project possibilities or predict, consequences of various proposed 
policies for the future. '"Developmental research'^ includes studies 
which invqfve the preparation of new educational materials, procedmes, 
or ■ programs, and systematic try-outs ia which feedback is gathered 
and used for improvemeni:. ^ 

jacobson notedaha/he not mentioned '*evaluational research^'^ 
in wjiich tlic effects -df using innOvatipn and other materials or pro- 
cedures are compared. Sooner or later teachers or instructional leaders 
have' to choose materials and procedures, and it would he desirable to 
have "these decisions i>ascd upon research. But, Jacobson pointed out 
that ''it would be difficult, and usually suspect, for developers to 
un4.e£take this kindw evaluation jresearch and that it probably should, 
be done io the light of local conditions anyway.** Thisj^ould certaiil^ 
encourage science -supervisors to spe that the evaluation of innovations 
is done within a particular school district under existing conditions, 
Jacobson closed with implications and suggestions for /further research^ 
. and pointed c^ut the adniirable ethio in research that>researchws should, 
not go beyond their dati in reporting their results. On ^e o^r hand<. 
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he notes that researchers dQ^vc tiws responsibility to utilize tiicir 
data to die fullest; riut **sug^cstfons for further research*^ sections of 
reports should be taken quite seriously as one of the most important 
results of the research completed; 

Ralph W. Tyler, who has made major contributions to curriculum 
development and evaluation (not only in science, but in all fields of 
education), presented two invited papers to" the Council^ for the 
Advancement of Research in Science Education (CARSE). In tte 
first paper, Dr. Tyler summarized what he found science education 
research to have ht/m during tte previous 10 to IS ycar^i His second 
paper suggested that th^ should 1* more emphasis placed on science 
cc^ucation research in this country. He developed a **map^' of science 
education with the total '^torslin" divided into eleven pa^cular areasu 

U objectives of science education — ^wharto teach 

2. the teaching-learning procc^ 

3. theorganizadonof learning experiences 

4. the outcomes of science education — what is actually learned 

5. students' development * 

6. the development of teachers 

7. objectives of education for science tcichers 

8. the teaching-learning process of teacher education 
9/ ^he organizations of teachers' learning experiences 

10* the outcomes of teacher education 

11. the processes of change in the programs of science education. • 

^ He concluded that there needed to be a gftrater commitment of 
faculty time and graduate education support of facilities and df re- 
search assistants to brirg about ^od research in th^sc eleven areas. 
He noted thi^ hiost 6f the research th^t has been done in the past h4s 
been carried out by graduate students (who^have little time to devote 
to these efforts) and that most faculty members, classroom teachers, 
or, science su^vitors never get enoi|gh time to even think about 
such things. - , * 

Id a talk before the 1973 Annual Meeting- of NARST, Dr. Tyler 
alluded to his earlier program review. He^said that he had f^t in 196S 
■ that not more, than 10^; of the studies reviewed hadreasonable 
'technical crkeria. But'by 1973 he had found/ that th^cse technical 
inadequacies \vere less distre^ng and there wcte fewer weaknesses in 
^ the content 'and the logical smiGture in at least four *out of five of the 
studies reported ^incc! He agreed with the vdew of William W.^^ooley 
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and Kenne^ D. Anderson that the particular value of r^carch for im- 
proving science teaching was not behfg realized, A considerable explana- 
tion seemed to lie in the lack of a cadre of professional research people 
deejay concerned with research in science education. Such people, 
he felt, need to '^devote major time to this work, and, among them- 
selves and with scholars in other fields, must- seek t6 gain greater 
perspective, more adequate conceptualizations tp guide their study, 
and better instruments for research." 

In thi3 talk, he also |)ointed out, that he had now reviewed , 50 
more investigations in science teaching from the past eight years and 
felt that the current research studies were of a higher qi|ility than 
the earlier pne^ The technical criteria were being met better and the 
variables were more clearly defined and more adequately controlled* 
Greater recognition was being given to the variety of outcomes 
resulting from ^ience teaching and the complexity of the classroom 
processles. Currpt research depended much less upon the work of 
graduate students than was true earlier, and it appeared that a cadre 
of professionals were engaged in these studies. His distress this time, 
was "that we have been greatly pre-oifcupied in investigating learning 
as this proctts is commonly perceived by the teacher or curriculum . 
maker, in which the task is to direct the learning of students in the 
classroom or laboratory. We have largely neglected to look at the 
way learning is viewed by the student himself. Yet the map of the 
learning process as seen by . the incjividual learner is a significaat part 
pf^he context of which e'3ucatioa, while including sd^fiCt^dUcation, 
takes place." . ' " . 

• Ur/ Tyler pointed out tli^t. the function of research related to 
education is to, piovijic a basis for utiderstaYiding the educational 
process or parts ^^f it and for planning and developing educational 
progwms. He said it is important to note that "educational research 
rarely furnishdfc an answer to specific questions about educational 
practice. Mugh more "often,, research' provided a basis for practice in 
terms 'of the c6nccpts it furnishes the^^practitioners, the outline it 
fonnulatcs of the dynamics of the processes* of which the practitioner 
is concerned, th© relations it establishes among the concepts, afi4 the 
^estimates it.givesia the parameters 6^ the cjynamic models that arc 
proposed. Tliat is to say, th^value' of the research lies in providing 
the' practiri6ner« with broader^ and more detailed nj^ps of the terrain 
of educatW.t]^an he^ould, hare developed from his own experience 
alone. The IriiS of research prop^d should help' to develop this map.'^ 
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Dr. Tyler learned that there are other poJcQml contributions to 
proposal research — namely, the tools by which mfsQnatt^n about 
students' lives and the forces influencing behavior may Hfe^siijtained. 
The teacher gains some help in pbnning arid conducting science 
courses by the characteristic? and parameters in the life of children 
and youth. But, he ot she still needs to know more .specifically about 
individual students. The methods and tools used to study students arc 
likely to be developed by th> researcher rather than by the teacher. 
Dr. Tyler suggested that in order to understand the learning of stu- 
dents, who arc not now learning or trying to learn in science classes, 
we need the results of research concerning the dyn^nics of these 
students, which indludes their purg^fe, drives, habits, and means by 
which they achieve psychological equilibrium. We need to cievclop 
instruments aad methods for s^jtudying students that teachers can 
i^se. We need reviews of» potential resources in science from these 
students. We need experimental studics"in which educational programs 
^i^tf*Sesigne4 to utilize "things" from science as resources, students can 
use in their lives. He concluded his paper by stating the major prob- 
lem confronting science education in America today: J'o reach stu- 
dents who do not really learn (internalize) anything of imjwrtance in 
science. Dr. Tyler believes that r\:scatch in this context cart help. 
• Nathan L- Gage of Stanford University is well knSSvn for his 

leadership in educational research. In a recent prese;itation at the 
Univcniit>' of Maryland, Dr. Gage defined research as vtht process ot 
seeking' relationships between variables. That simple ddfinition applies 
'^'^ any discipline, whether it be in the natural or the behavioral 
sciences. To/ understand, we search for logical relationships. To 
preUict, \ye search f«r temporal relationships. To control- or improve, 
we ^carch fqr causal rcbtionships.-. Understanding, prv*^iction, and 
^ control are the purposes of all scientific activity^ includiiig that which 
is concerned 'witli teacWng/* ' ' • 

Gage went on 'to define teaching a*s "anvi kind t>f interpersonal 
influence ainpcd at improving the learning of another personi'' Gage 
then com^ncd tlicse two to note that research on teacliing /'becomes 
the search for^rciatjons^tps betv^^een variables where at least one' of 
the variable^ is a behavior or a ciiaracteristic of teachers. The teacher 
variable may an independent variable, a dependent %;ariahle, an 
irfrwvening variable, or some other kind* ofwariablc, but at least oitc 
te^er varia^ble must be involved if the research is to be * considered 
research on teacl)ing. It follows froAijthis dfcfinitign that research on 
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teaching is only a part of the Urgtr field called educational research, 
No$ all ediicatiortal research is research on teaching; but all research 
on tcaching\is a part of educational research." 

In his di^ussion on the methods of determining relationships, Dr. 
Gage expandc^SQjvthc two major methods;, The first he called - Che 
" "correlational or sur^y method" in which one measur^ variables as 
they occur under natural conditions ^nd in which one uses 'some 
) statistical devicti* such as a correlation cocfiicient, t6 describe the 
ways in which ^o variables co- vary. He pointed out that **the 
/ advantage of -corrchfiSnal methods is that they permit us tcr study 
i the relationships between large numbers of variables with r^vdy 
little effort or expense. The main disadvantage of correlational tnethodr 
is that they i^ve us little or m assurance that the relatioriships between 
the two variables are causal relationships " 

The second n^hod he called "experimenul" in which one of 
^. the variables is manipulated by^he investigator. In this type research 
"ortc applies difi^erent amounts, or qualiti^^ of that variable to different 
g*^ps of liersons, who have been assi^ed at random to the groups 
' recei\ning the difc;ent amounts or kinds of the manipulated variable, 
such as student achievement, and determines whether there are diff^crent 
average amounts of achievement associated with each of the difFcrcnt 
■ levels of the manipulated variable. , . . So the main advantage gf expcri- 
' meats is that they do permit as to infef a causal ceooection between 
the manipulated variable and the other variables that arc found to 
*^_jliffer after the manipulation,^ But. the disadvantage of experiment? is 
that they are relatively costly." 

* Dr. Gage vvcnt on to* show how it is alsov po^ble to combine the 
, correlational and experii^lrital approaches.so tmt one not only manipu- 
j. latcs variables, but also measures soms^ characteristic of one's students 

* that may be related to how much they learn. These studies, he noted, 
have been labelled ' ^^aptituAc-tre^tnient intemction studies" (ATI 

' ^studies). In a typical ATI study, s6mc releWt characteristic of 
suidents is me^surg^^ students are taught: by tWdifferent teaching 
methods, andr^ffr^ily, student achievement is measured. Correlations 
are then obtained separately and a regression line formulated and 
evidence of an aptitudc^treatmcnt intenjction xriay b%. evident. ^ 

, The boblf by Dunkin and Biddle entitled The Story of Tec^ching 
was cited by Gage as the best formulation of the types of variables 
in research on teaching. He noted t^iem as: 
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1. presage variables that arc considered to have sotx vali^ for pre- 
dieting the ways in which tcachcis will behave, 

2. comext viriabief that d^ribc the cnvironinent and conditions in 
whiqh the teacher works ' ^ 

3. pri:)cess vafiaples diat include the kinds of behavibrs that* arc ex- 
hibited in the classroom by tht teadiq^r and his or her students 

4. product variables xhiX include the student's immediate achievement 
of educational objectives and also long-range effects on s^dents, 
of the kinds of achievement, personality, and adjustment that they 
'manifest after they havc-lcft the influence of a giyen teacher. ^ 

Gjgc^ noted that these four Arariables should be arranged in an 
order reading from left to right, with arrows pointing to the right to 
indicate what is presumably the direction of the causal influence 
between these kinds of variables. ^ 

As ^ly as 1934, Morris Cohen and Ernest Nagel argued that 
ho inquiry can get under way unless some difficulty is felt in practical 
or^e^rctical situations. Richard Sucihman^s **Discrepani: Event** film- 
loops stimulate inquiry and observation of variance. This has led to 
funhcr work by others with science students on problem id<;ptificatioxi, 
theory hypothesizing, and even problem-solving t>Tpes of research 
studies And then there are the discu^ons on /^applied" and "basic" 
research; defined as "applied" when it attempts to manipulate observed 
variance and "basic" when it is simply interested in explaining observed 
variance*or the lack of it. ' . ^ . 

And in science education research we also hear siich names and 
terms as Piaget fend "Learning Levels," Ausbeil and **Advance jPr- 
ganizers," Bloop and "Cognitive Taxonomy/' Bruner and "Process in/ 
Education" alongside Gagne and "Processes in Science," Flanders and 
"Interaction Analysis," Welch and "^valuation Techniques," Blosser 
and "Questioning Techniques," PostTc^ite and "Audio-Tutorial" 
Walbesscr and Harbeck on "Behavioral Objectives," Rowe on "Wait- 
Time" and then 'we think maybe we h^ better stop and *Svait' 
rotj^elves 

But we can't stop and wait in OUr work, so we, too, must con- 
tinue to Icamigg our students do. We need to keep abreast of wh^t 
topics are "hot" this year and learn to ^k the^htcriticdl questions 
for our o\^ii school system and our. ow» studen^TlKQOwing iwhere 
to go to find the ans\^ers may^ just as valuable as actually finding 
theip. ' i 
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Frimt£h philosophical to tbe practical 

One of ifit apparent jieed$> of sdence superv^ors is to be ahk to 
analyze ^cs^ch papers on their own and know what to look for. 
Samuel Sorauss^ a former high school sdmce teachex, and Ifltef a 
profesor at the Johns Hopkins University,, published an article in 
\ the Journal of Eiucatiaml Research that gave basic guidelines for 
analyzing educational research reports. The twenty poiitfs lia:ed 
thatshoiild be amlyzld t^ere asf foUows; 

1, problem raised , ^ ^ - 

2. previous work dtcd ^ ^ 

^ 3, objectives stated \ \ - ^ 

4. hypotheses formulated ^^X^ . ^ 
5/ assumptions made \ ^ 
6. . population ^udie^' - ' ' 
7.- sample drawn \ ' ' ^ 

5. instruments used 

9. design examined * 

10. procedure followed . 

IL safeguarck taken . V 

12. obiservations recorded 

13, findings assembled 

■ 14. statistics interpreted 

15. intefpreutions discussed > 

16. conclusions reached 

17. limitations recognized 

Ig. further work pcojected ' ' -7 

19. improvements suggested * ^ 

20. claritv of the report* 

Althou^ his paper went bn 16 discuss Jn more detail each of these 
itcms;<tbis simple listing points up, the major points one looks for 
. when {^alyzing most science education research papers. 



Statistics in the language of science 

Although a science supervisor could get veiy excited about the 
statistics that are used in science education research, there are really 
only a few basic concepts in the field thacone would fed comfortable 
with w^hout gofng into a great deal of addition^ study. If one does 
want to get more background, there are a number of vexy. gctod 

' * . " * 
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educaqonal statistics books that could b^ studied But a good, easily' 
understood, and baac introduction to ^dstics, which can be helpful 
in science as M^ell as science educadonMs found in Chapter Five of 
the NSTA publicadon entitled The Language of Sciefice by Alan 
Mandell. In that chapto* the mthor coversLa^U^tion of data; organi- 
zadon and analysis of data; m<^ures of central tendency; standard 
deviation; interpretations of data; standard error; tho standard error 
of the difference between means; Chi-square; correlation coefiidents; 
and a good but short bibliography on refercnc<» for further reading. 

One of Vtiie real classics that enables high school students (and 
their teacher?) to get a good filing for-sdcnce research and how 
good experiments are set up is ExperiTnentation OTid Meastirement by 
W, J. Youdcn. This was^a 1962 paperback book NSTA produced in 
the "Vistas of Scienc^ series. The late author was then the coordi^tor 
of the r^earch^dies conducted by the National Bureau of Standards, 
It^es into simple experiments one really can relate to and if a super- 
vi^r has^j't read it, it certainly would be strongly recommended. It's 
shiort, concise, and excellently written. 

Literature searching ^ 

When a science supervisor wants to find information in a hurry 
on a particular research topic, he or she probably need only to go 
to a few basic sources. One of th^e, obviously, would be a library to 
check through the card catalog and the Reader's Guide for Education, 
But a more mrect source to get into the research in sdenfce education 
• would be the use of Dissenarion Abstracts, DATRIX, and^he ERIC 
system. C 

The journal entitled Dissertation Abstracts^ published %k Xerox, 
contains abstracts of dissertations from the past year or so c^n any 
particular topic. Formerly administered by University Mic^ 
microfilms are still available for a minimal cost of approximate!) 
But, one does need a microfiim reader to read the^ films. The abs 
have the advantage of being regular printed icaterad in the* sur 
form. The technique needed is to find the best possioJ^klgcater 
and then po gpt into the right section- 

Another' way to do the search is to actually contract with Xerox 
and their. search, system called DATRIX. Again, the use of proper key 
locatcr words and pleases is crucial. These are simply filled into a 
^ndard form and submitted to DATRIX which gives you a print-out 
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of all the bibliograpluc references for arpcles or dissertations on the 
topics requested. You can then follow up by selecting those on which 
you want more detail. - • 

Another kind of research searching is that done undci* the Edu- 
cational Research Information Oearinghouscs (ERIC System). They 
have developed a Thesamvs of 'DefcriptoT Tfrtfis from which one 
selects the key words. Then the search is made through any one of 
thc^ozcn-and-a-half ERIC Gcaringhouses across the country. Since 
ERifc is somewhat limited to non-copyrighted material, and Disserta- 
tion Abstracts lias gotten almost all the dissertations in t|\e United 
fates sopy righted so that they can have it in riieir system, it is best 
J use both systems in your "searching operation." (ERIC can get a 
2py righted document by getting special' *permission, but, frequently 
/doesn't do this for dissertations.) • 



ERIC/SMEAC 

One of the major activities of the National Institute of Education 
that is. most helpful to science supervisors is that known as the ERIC 
Informational Analysis Center for Science, Mathematics and Environ- 
mental Education (ERIC/SMEAC) that operates in Colutnbus, Ohio. 
Many of their publications are available directly from the Center for 
Science and Mathematics Education at Ohio State' University, 244 
Ar^^s Hajl, 1945 North High Sttect, The Ohio State University, 
Columbus, Ohio, 43210. ' ' 

In addition to being able to furnish to science supervisors micro- 
ifche of the various documents that are in the ERIC'^ystem, they also 
have a number of regular paper printouts of the documents in the 
computerized system. (Incidentally, the material from the Ohio State 
Center seems to be less expensive than to get them directly from the 
national ERIC Document Reproduction Service (EDRS).) Among 
the documents that science supervisors certainly should be aware of 
and may want to purchase some are noted below. There are many 
others and the complete publication lists can be obtained from Robert 
Howe, Director of thetlentcr for Science and Mathematics Education 
at Ohio State. Some ofiie representative titles that cou|d be important 
for supervisors might incTi5de these:' / 
SQ2S—How.to Use ERIC: Science Education, ind SOlF^How to 
Use ERIC: Environmental Education; (mE— A Review of Research 
Related to Environmental Education and QQ^Y.—Envrromnental Edu- 
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ci^an^ Abstracts and hidex to Resesrcb in Education 1966-W2i 
lOOF — Research m Earth Science Education* sn Amwtated Bibliog- 
raphy-, 103S — A Summary of Rese^cb in Science Education for the 
Year 196^-1961^ Secondary Level; 104S— ^ Stttmnary of Resein'ch in 
Science Education for the Year 196S-19S7, EleTnentary Level, and^ 
105S— ^ Summary ^ of Research Education for the Years 1965 --1961, 
College Level It should be noccd^that similar summary papers were 
prepared for the years prccfcding and following the ones just 'noted. 
There is, for example, an alHevel one, I iSr^unrmary of Research m 
Elementary, Sicondary and College Level^dence Education far 1970 
arid on up to the prdfcnt. 

Another type qf paper reproduced by the ERIC Center are them 
presented by major speakers at the annual NARST meetings. For 
instance, that by Ralph Tyler on Research in Science Teaching in 
the Larger Context (No. 119S), James Rath*s paper The Emperor's 
Clothes Phenomenon in Science^ Educatio7i '(No. 122S) and H. S.^ 
Brbudv's paper Can Research l^ovide a Ratiomh for the Study of 
ScieSe?.(123Sh 

Papers reproduced by the ERIC group at Ohio State also include 
' ' abstracts on the papers presented at the annual NARST Mectings- 
Th^y have been available since the meetings of. 1969 and are released 
each year. The 1976 issue for the San Francisco meetings was a 165- 
page paperback booklet containing aU the absmcts. Stan HelgJson, 
Associate Director of the ERIC Center, and Bob Howe, Director, 
have also compiled item 137S — Science Education, Abstracts and Index 
/ to Research in Education 1966-1972 and are now editing a new series 
300-3018, 305S — Investigations in Science Education (ISE), These 
issucs,^started in 1974, contain about 70 pages per issue of abstracts of 
research articles and documents with a critical analysis of each report 
prepared by leading science educators. It would be important for the 
science supervisor to get on the mailing list for the publications list 
of the ERIC Center. 



The International Clearinghouse on Scieyice and 
Mathernatics Curricular Developments _ 

For science supervisors^ who need to kce|>-up 'to date on the , 
• developments in science and mathematics curribular developments 
in this country and abroad, there are the biennial reports of The 
International Clearinghouse at the Science Teaching Center, IJniveraty 
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of Maryland, College Park. The Qearinghousc was established in 1963 
and has produced (with NSF support and the ccH)pcration of AAAS) 
nine reports and was working on the tenth report in 1976. The typicad 
format of the reports are detailed project summaries written by the 
project directors themselves. The information is taken from a question- 
naire that asks the same lands of questions that the Clearinghouse staff 
has been asked over the previous years* Any particular volunnc con- 
tains only the projects that were ongoing at the time of the two-year 
period that the voUimc spans. The exception to this rule was the Ninth 
Report published in 1975. That volume, entitled Sdence and Mathc- 
matics Curricular Developments Internationally, 1955^1974, allowed 
onp page to'^iach of the science and mathematics curriculunt projects 
from the beginning .of PSSC Physics and SMSG mathematics in 1956 
on tlirough W74. That particulate overview volume is a good basic 
one to have in any science supervisor's library. For n^ore detailed 
information on any of the projects, one would want /to use the other* 
editions pjirticulariy the seventh, eighth, and tendi (They usu^y 
cost $5.00 or less, depending on which volume you purchase.) A 
One also should be awar^hat the actual "soft-j;^^" of each of 
the projects from around thr world are housed in The International 
Clearinghouse Archives Collection at the University of Maryland and 
this material is available foi- any?^ne to comc^and peruse or use at the. 
Center for their own curriculum' development work. Literally hundreds 
of domestic and foreign visitors visit The Interrfational Qearinghousc 
each year and tertainly sciente Supervisors make up a large number 
ofi*\asitors. Write or call the Director if you would like to visit^or 
use the mate/ials at the Clearinghouse* > ' ' * / 

CtiTTicidimi analysis ' ^ * ^ , 

, A major task of many science supervisors is to be appropriately 
swarc of the ongoing develop;nents in science and mathematics c.ur- 
riculum work. Tliis is necessary sf) that one is prepared to S|i||^ 
proper suggestions and to be aw^e of any developing trends, iPr ' 
'^hile the reports of The International Clearinghpuse on Science 
and Mi^th^matics Curricular Devclop^ients of the University of Mary- 
land can be very helpful in this regard,- there is also a nec4 to know of 
the curriculum analysis work^that -is additionally being rione there, 
as well as at other institutions, A supervisor sh^)uld be familiar with 
the studies conducted at IPN^ in Kiel, Germany; by the group irr 
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Sussex, Englanci; by th?? Social Scienca».Conk>rdfim at Boulder, Colo-^ 
rado; and by the Educational Products Inforniation £lxchange (£PI£) 
in New York Qty. Each of these groups, along with the Intcmatioaal 
acaringhouSfe, arc conducting research on just' what does, and should, 
* go into science curricula. At Maryland for instance, 'studies are Under- 
way on what *^val\^" from the aff^itive domain might be identified^ 
m any particular jburrictdum projcctoNATiother cira 
study is copccmcd with die critcri^jaoagt^ered important by school 
districts and matching th^ up with ^ existing curriculum projects 
housed in The International Clearinghouse coUecrion- ^ 

Since njost of th^ projects are "open-ended,^* SOTnce super- 
visors arc frequently more than welcome to actively participate in 
the research and "leam by doing." Contact the appropriate group's 
f director to become involved* 

Om organization in the United Stat^ particubrly dedicated to 
research on science education is the National Association for Resiearch 
and Science Teaching (NARST) . The oiganizaft^ ha§ been in opera- 
tion for quite -a nmpber of years and the ouj;s6nding papers that are 
presented each year at the annual meeting in March or April are 
reproduced in the asstKriation's official puhlicarion, th^ Jo) ^ 
- Resecrrch in Science Te}ls^ing (JOjRST). In addition, the abto^acts-'tif 
^ the papers arc published sqi^tely and arg released through the ERIC 
Center at Ohio Statc^, AmonffShc four issues ofead^ year's volimie are 
sections eimded Rkdirch jPaj^i!5^jpd-4kseSrcI^ 
5ome book reviews ^nd occasionally a specia^vol^me,^**?-^ • 
< - Tlie annu^lmeetings 6f NARST arc held on an'liltcmating baas 
for one year inShe same city \t approximately thp same times as^ 
annual meetings of the American Educational ^^csearch As&ciat)on 
(AERA). In thi^way they have a chanccfl^o get their member^ in- 
VcJved in twse two important prefessional organiza^ons^ and certainly 
bringr good input to both gfQups,! / ' 

. A spectal volume^ /05S17 that would be most ^ptopriatc for 
\ science supervisors tJ read is-^^"^^"^^ Eleven, 197^ I^uc Three-\; 
. Sc{;jembcr Editio^. It w^ a sp^ial^ volyme entitied Methods and 
Research in Science' education, organized by RoWjk G. Bridgham, It 
included a number of excellent papei54j}cludih'g/^ne*l>y Wayne AV^ 
Welch- on the process cvdu^^jij^ anbther b^ Audrea B. Cham- 
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pagnc and Leo K Klopfer cntided "Formative Evaluation in Science 
Curriculum Devdopmcht"; anodier by the JORST editbr at ti^t.timc, 
* O. Roger Anderson, entitled "Research on Structure in T^ching"; 
and one by Mary Budd Rowe, ^'Reflections on Wait-fene Mediodologi- 
'Cal Questions." The whole, issue was particularly directed at research 
methods and would certainly tjc worth investigating. 

Other* afsociatio* that have an interest in research in science 
education gi^e space in their it)umals f6r such reports also. The 
Association, for the Education of Teachers of Science (AETS). (Sci- 
ence Education), The National Association of Biology Tochers (The 
American Biology Teacher)^ the American Association for Physics 
Teachers ( The Physics Teacher), the National A^ciarion for G^logy 
Teachers ( Journd of Geological Education) and the Central Assbci- 
ation for Science and Mathematics (Sc^j^i?/ Science and MathematiQi) 
have all included occasional articles that certainly should be read by 



The thiee N^TA journals, The Science Teacher, Science and 
Children, and the Journal of College Science Teaching, include a 
series of articles organi^'d by the NSTA Committee on Res^ch in 
Science Teaching. The seri^ attempts to inform t^fehers zhow re- 
searth t&hich is directly relevant to improving classroom instruction. 

The only national organiza^on outside th^ United States that is 
particularly dedicated to science education and has a ,special journal 
ift|ne in Australia. Its name is the Australian Sciencje Education Re- 
^^p|h!h Association and,they publish an annual journal entiticd Research 
4Tiis is available from Leo West, School of Education, Monash Uni- 
versity, Clayton, Victoria, Australia, Two of Dr, West's associates at 
the. same university, Peter J. Fensham and R. R Tischer, would be 
'additional contacts. They also have an annual meeting at which^ their 
. science ecKication research papers are presented. 

One other journal outside the United States that is particularly 
concerned with science education research is that edited by David 
I^avton at the Center for Studies in Science Education and has an 
annual subscription rate induding postage, of $6.50. Subscription in- 
quincs would be directed to^he Business Manager, Stiidies in Science 
Education, The (Jniversity, Leeds i.S2 9JT, England. 

It might also l>c worth noting that there are such reviews in the 
curriculum development section of the British Association for Science 
Educatio/i journal entitled School Science Revieiv ^nd that there is a 
research note section in the Australian 'Science Teacb^^rs journal. 
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The Amerkan Educational Research ^hociatidn ( ^ERA | . 

Supervisors concerned with educational research shoiild be ac- 
quainted with tlje AE^A, an importint^^tional organization- A num- 
ber of their jjublications and- activities could be of r.cal assistance* 

As noted carKer^ the NARST fpcls that annual meetings of fchis 
group arc so valuable that they alternate their meetings between AERA 
and NSTA. In 1976, NARST met mimediately followiog the AERA 
Son Francisco meeting- 'Some of the AERA p*?etings are preceded 
by their research training institute that would be of inters to- super- 
visors ako. These training' "short courses" have covered a number of 
basic topics over the years and are \\^ld across the country in addition 
to the annual meeting sessions* ^ ^ ^/"^ 

Among AERA publications that may be of interest, arc: Educa- 
^fwml Researcher, a monthly magazine with nSws and feature articles; 
the AERA Journal— ioMr issues per year; Reviev) . of Research in 
Educdtim — ^Annual Editions since 1973; AEI^ Mom^aphs on special 
topics; the Handbooks of Research an Teaching — 1963 edttign edited 
by Gage and the 1973 one by Travefs; the Encyclopedia of Educa- 
tional Research — ^the fourth edition edited by Ebel was published in 
1969. One should check'with-^CRA for their other publications/. 
\ ■ ■ '* 

Instruments m science andscience education 

In addition to the, data available- from the publishdrs of standard- 
ized tests, the publications of Oscar K- Burps can be of considerable 
help in this area. /In 1972, Gryphon Pre^ in Highland Park, N.J., 
released Volurnqs I and II of the &!venth Mental Mci|suremcnt Year- 
book wliich very succinctly summarizes the information on all pub- 
lished standardized tests. Science Tests ctnd Revieivs and Matf^natics 

• Tests and /kevi^u's, both published in 1975, should be of value to 

' supervisors. * . 



Ot^^ books on science education research 

• / Many in science education know the fine \tork of Francis D, 
Curtis. But many may not know that Columbia University has . re- 
/ issued Us ''investigation digests." The three already released are: A 
Digest of Intfcstigations in the Teaching of Science in the Elementary 
and Secondary Sd2mUr^33 pages, 1971; Scisohd Digest of Investiga- 
tions in the Teaching of Science, 413 pages, 1971; and Third Digest 
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of Irroestigationsf in the Tejtching of Science^ 408 pages, 1971 (all from 
XcachcrsCoIlcgePr«sinKewVorkGtY). ) 

Teachers College Columbia al^ released: Robert W, BocnigV^ 
Reseerrch in Sciente Education, 1938-1941, 294 1969; J. Nathan 
Swift's kesesrc^ in Science Education, 1948-m2, 190 pages, 1<W9;' 
md Elizabeth Phelan l^wlos'S Research i^ Science Education, 19SS- 
19si, 112 pages, 1970. All three volumes summarize science, education 
studies going through the purpose, procedure and resists of the re- 
search of those periods. > 

For thosc(^-who arc interested in research design, the classic work 
isfby Donald T. Campbell and Julian C Stanley entitled Experimental 
akd Quasi-Experimental Designs for Research (76 pages, 1963, pub- 
lished by Rand McNally}. It app^d first as a chapter in Gage's 
Handbook of Reseatei? in Reaching, . f , . 

It must be apparent b^j now that the listings are endless depending 
on one's necSs and background: The items presented here afe ones the 
author and his colleagues, including his students, find helpful. ^dd 
your own favorites to the list and check with other supervisors as to 
their favorites. Then you will hfve a good basic list that yo^ will 
find best for your purposes. 
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EducationM Fiiitding: 
Planning for Involvement 

* ^ 

Gary L. Awkerman, Direcfsi of System Pkmmg; Charleston CouMy 
Public Schools, Charleston, S:G. ? 

A systematic retiew of the educational enterprise suggests that many 
educational subsystems ma^f be identified and described, oil of which 
combine to serve the pijrpose of providing for^^tudent.kaming. Given 
the assumption that^ science sup^tvisor has sbW role in nearly all 
the operarional subsystems, it is axiomatic that the role does "make a 
difference." All interacting components of a system contribute to the 
outcomes, although the exact contyibutio^ is joftcn not clear because 
of the very character of *he interactions* 

Nearly all educational subsystpms (e.g/, food ^Vvices, transpor- 
tation, and currioblum-fdevelopment) have financial components and 
process^. If the science supervisor' has any kind of role in the sub- 
systems, it becomes apparent that he or she is part of the financial 
picture. There is no escape from the reality of financial involvement., 
Even^nq apiparent action is iij fact action; the outcome is affected. 

M<^ey is tight this year— and next year, an^ next year and next 
year. Everyone in the educational dr^ena is competing for the dollar 
Seldom are compiled budget estimates lov/er than Printed revenues* 
What's wrong vAth things? When they going to^get better? Let's 
step back and^take a critical look atihe situation. 

The leaders- in sciende education appear to have a fundamental 
choice. They can cither sit back and wait for someone to tell them 
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what thdr operational resources arc to or thfcy ami ga involved 
with the total resource package of their organization and community. , 
But fir^ they jnust tell themsdvcs that no one has absoUitc daini to 
any resource. All feso\irccs are there to make a differwcc in dift^ 
child's learning proc^ so that learning is at least better than what 
would occur by chance if no.formal schooling existed. 

Planning for involvement in'the allocation of an organization's 
resources is an important facet of !;hc supervisor's role. Before the 
supervisor caji become fully involved vrith die resource allocation 
process, hd^or she miist first attempt to understand the full scopte of 
'the system's re»urc^.*The first section of this chapter provides gen- 
eral infonnaridn of the primary resource — money, A ciuisory statxis 
rcii^ew of cjiucational finance and tl^ identification of funding sources 
at the fedo'al, state*, Jocal, and foundation levels is givei^T|ie second 
section includes discu^ons on communication, community resources, 
personal planning, apd grantsmanship, . 

Educational fundbig 

Most sources and controls of funding for educational institutions 
are in i state of flux. The one certainty that appW^ to exist is that 
school costs are rising. Ttie current estimated revenue of $46.6 billion 
from all sources for public schools falls far short of the 1976-7T esti- 
mated nq^ed of $70.97 WWion dollars, [101 What will be the source* 
for the additional revenues? 

The heavy reliance upop property tax revenues has already re- 
sulted in numerous lawsuits. anchored in the eqiial protection clause 
of the Fourteenth Amendment. [16] It is argued that mostysAhool 
finance systems discriminate on the basis of the district's ^cfelth. 
Wealthy school districts can gain more J^evepue from even a loweit 
tax rate than a poor school district simply because their real pro|{€rty 
has much higher asWsment. [14] The fiscal disparities are usually not 
successfully compensated for by the present levels- of either staie or 
federal aid. [ 

Webb clearly points toward the critical need for greater state: 
and federal general aid. [20] He suggesfts that a reasonable goal for the 
federal government is to co^ribute forty cents of the school dollar 
instead of the present average funding level of less than seven cents. 
Increased federal aid to various high priority programs such as career 
and early childhood ^ucation, and stranger statcpfttertentions in the 
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schools are cited in the recommendations from -the Pr^idcnt*s Com- 
^ mission oq School Finance. [12] ^ . 

"Several printed source^ that review the many federal aid programs- 
/arc available Qwhe sciencd'educator. The 'Croft FederaI;Aid Reference ' 
Manual describes the benefits, provisions, regulations^ an^ procedures, 
for applicatioh to approximate!): 2* programs, and their Various 
titles.'[17] . . " - ^ 

The few ^'edlicatw^ who are totally involved in preparing pro- 
posals and those who simply need up^to-date information on funding 
. sotircc^ may go to any of-severa^ newsIetters,-some of which are qm^ 
costly. A few of these newsletters are; AASA Hotline, Washington 
Monitor, Washington Perspective I Educator's Dispatch , PNAC Notes ^ 
Behavior Today, ^Education Fundt^ig News ^^.Trends and The Croft 
Federal Aid Service. \* 
_ • Personal contacts, are another information source that cannot be 
overestimated, because program fUndkig authorizations and their actual 
funding levels seldom mat^h, it is wasteful to pursue leads that sound 
appropriate- to needs according to source descriptions but^in reality 
liave little oj or no current funds for new projects. Don't be afraid to 
make a few telephone calls and ask plenty of questions. 

In state departments^^ education, many people have information 
on past, present, and futiii*e funding sources. Discussions with state . 
department educators can be generally informative and can provide^ 
answers to specific qu^ons regarding state and federally funded 
programs, 

^Title I of the 1965 Elementar^^ and Secondar^" Education Act 
(ESEA) represents the largest single federal program desi^^d to 
' assist school districts in meeting educational necus of children frOm 
low-income families. Although some orgiinizational attempts have been ^ 
made to encourage the school-tqmmunity development of» meaningful 
' educational programs, most Title I programs are still planned ^nd 
controlled by administrators y^t^in each of th^ 15,300 scW)ol drstrictfi 
irecciving gfants. [6i The management and guidelines for 2he program 
continue to be weak. ^ ^ . 

The science, educator should study his or her district's Title I 
proposal to identify efxisting expenditure areas. Perhaps some funds 
are^jllocated or could be allocated to science or science-related pro- 
grams., Sonie possible suggestion^ include: nature trail development, 
V field trips, purchasing high interest ^^dfehce readers for low reading- 
y level students, development^ of te^hing strategy models, limited 
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fadlity improvements, and limited stipends for teac6.er inserricc work- 
shops on basic skills and teaching strategies. 

As of August 1974, a "majol" change in tfie law has shifted several 
funding categories that wVe appropriate to science educators* usage. 
Titles II and III of ESEA and Title III of National Defense Education . 
Act (NDEA) have now been consolidated into Title IV, Parts B' 
and C The Education and Labor Committee of the tj^usc created 
an ESEA "support and motivation" category (former Tlties III, V, 
and VIII of ESFAXand a "libraries and. instriictionar resources" cate- 
gory (NDEA Title III, ^ESEA II and guidance-counseling part of 
.Title III). The new law (PL 93-380) may be reviewed in A Compila- 
tion of. Federal Education Laws as Amended Through December 
31, 1974. [2] • ^ ■ ^ 

Title IV, Part B provides for library and learning resources, Tht 
science educator should work with the instmctional aids coordinator, 
school librarians, or other appropriate personnel to assure input into 
the yearly purchases. Nature field guides and identi§cation keys at 
all levels of sephisucariort covering many nature topics represent one 
good purchase area among ilumefous possibilities. 

The former Title III of NDFA, now in Title IV, is also a source 
for the purch3S<r of instructional aids. It requires 50 percent local 
matcWng funds on all purchases. In the past, science equipment has 
been purchased through NDEA. Much to the chagrin oi some edu- 
cators, the purchases have not always been wise. 

The former Title Ill-ESEA, now in Title IV, Part C, is designed 
to produce innovative andy^scmplary programs. It is primarily a state 
program, although USOE often reserves approximately 15 percent of 
each state's allocation for discretionary purposes. Each state estab- 
lishes its o\Vn educational funding' priorides, often bas^ on surveys 
of school district's needs or long-term plans ior impwrving education 
from governor and state si^perititendent ad hoe committees. Proposals 
submitted -to state departments of education for approval are usually 
quite elaborate, much more so than Title- 1 proposals. It is suggested 
that copies'bf old proposals be used as nj6dels. 

Scier^^-prdposals nsay pr may not be Title IV, Part C priority 
areas forS^ing. Prioriries change from year to year and from state 
to state. Don'tiecDmc discouraged if science is not a priority. A good 
, proposal may still have components which iflclude aspects of science. 
Science, an intrinsically interesting field, may become art~^ntegral 
part of projects in such areas as career education, dropout prevention, 
and environmental education. 



* I- 

Odicr specinc federal aid programs thatN|iuy have appliicatiaa to 
the science educator include: former Tide VIII ESEA — Dropout 
Prevcntiorr Projects, Drflg Abu^'' Education Act of 193b; Enviroft- 
mental Education Act, Gifted and Talented Child«si*s Edtication 
' Assistance Act, and Science Qub Law (no present funding), \ 

The dropout privendon programs -are' n9w admini^t^ired by the 
Bureau of School S>^ems/la 'fiscal year 1976, the Commissioner of 
Education used about $2 million in discretionary funds for dropout ^ 
prevention. [8] Getting tl^ potentkl dropout "back to riature" is 
not an unprovcn concept. J ' 

The Federal Property and Administrative Services Act of ^949 - 
(PL ST-^ISZ, amended) may be a possibility for the science educator 
to acquire science equipment at a very lo\^ cost. A, surplus property 
warehouse is maintained in alm^lSb every ^te« An interested ^ebce 
educator must .first get in touch with his or her ^tc agent and school 
district superintendent to get an authorization to visit the warehouse 
as the school district representative. Each visit to the warelK)use will 
be different.' Sometimes th^ state agent caii -be persuaded to discuss ^ 
the latest holdings vi^ telephone. 

If a sdence educator is cjprrcntly enrolled as a graduate student 
•in an institution of higher Icarmng or serves as an instructor or, assistant 
professor, Ij^or she may consider the possibility of applying for an 
* cdt!«ft£i^jjrf research ^rant f rorp the National Institute of Education, 
The small ^nts available do not requirer extensive pro{X)sals. 

The National Science Founi^tion, established by a Congressional . * 
Act in 1950, has hctn one of the stromgest proponents of science edu- 
cation reform. Its major education programs include: Academic Year^ 
Institutes fqp^condaiy Teachers and Supervisori^; Inscr\4ce' Institutes i 
for Secon^ry Teachers; Summer Institutes for Secondary School 
Teachers of Science, Mathematics ^nd-Social Studic^ Science Training 
Profl^ms for High Ability ' Secondary School Stucj[ents; College ^ 
T^'her Programs; and Cooperative College- School Science Programs. 

The Cooperative College -School Science Program (CCSS^ offers 
an excellent opportunity for colleges and school systems to participate 
in joint ventures to improve facets' of elementary or secondary science 
instruction^ A simple analysis derived from the 1971-72 and 1972-73 
funded programs listings indicated that 34 states had three or less cur- ' 
rently funded programs, seven ftates had either four or five furrently 
funded programs and only five had six^ to nine currenriy funded pro- 
grams. Comparing , the directors and institutions holding the grants ' 
between 1^971-72 and 1972-73 years, it was found that 66 percent of 
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directors were different and 55 percent of thc^nstitutes were different. 
It is apparent tliat a school district -new to C\SS does have a chance 
to submit a proposal far possible funding because of the high turn-over 
of directors and funded institutions. ^ 
NSF is fair from a sutic organization. Its current emphasis, like 
that^of othef funding agencies,' should .ahvays be reviewed 'before 
proposals are submitted. Recent educational isiues that will probably 
relate to shifting NSF emphases include interdisciplinary studies, noii- 
science major curriculum materials, technician 'curriculum rnaterials,^ 
and the application of scientific principles to. the education process. [5]- 
The science educator should contact the finance office of his or 
her stajte department of education t«^ocate information on educational 
funding. The vast majority of state monies is usually committed to 
teacher a<d admimstrator salaries, tr^pqrt^rion, school district opera- 
tional aid, and building funds. Most states hkvt some jflexibility in their 
educational funding. For example, the state of New Jersey supported 
the Teacher Innovation Project by providing 198 mini-grants (up to 
$1,000 per grant) to cla^room teachers for personaljnnovative projects. 
As previously mentioned. Title III ESEA (nowfe Title IV) is under 
strong state control and is .therefore a possible source for sciejicc cdu-. . 
cation projects. . , , ^ " 

The ambitious educator may want to* attrac^;^!!^^^ attention of 
foundation support* for his^or her proposal. The FoiMdatipfi Director^ ^ 
[18] and Foundation News are two good sources oh foundation 
support. ' ' V 

Ofterf, educators are le?^ aware of local or community funding 
sources and foundations than they are of federal sources even though 
they are much closer to them. If teachers are to effect change in ^hc 
schools, they i\iust start by developing community awareness. 

/Cofmrnmlty J conmiwilcatwti^ md common, sense 

The community should represent a mandatory educational re- . 
source for the science educator Teachers should frequentijf refer to 
aspects of the community during instfliction. It is not possible to do so 
unless a repertoire of community 'facts, concepts, and principles arc 
directly available to the educator. ^ 

A large-scale effort' trt^'identify resources should be made through 
organized school-community study groups composed of individuals 
from such areas as manufacturing,^ businesses, libraries, theaters, mu- 
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seums, service organizatior^p, military^ parks, higher education^ and 
the schools. The product of the school-community cooperative effort 
could include a catalog of community resources wi^ a listing of people 
wd|Ji special skills and ^quipn^cnt, an extensive set. of teaching xhaterials, 
and "a wealth of. real world situations upon which the teacher can 
draw to pUtx community laboratory experience hoth in 'class and in 
the community bboratpry." [46] hiscrvice programs deigned to pro^ 
vide teachers with "real world" examples and teaching materials* muse 
also be Cooperatively organize^d if they are to be effective. [ 1 ] (^ppcra- 
tion and commurfication arc necessary for cf^ctive change. 

SmalPschools and ^chool districts usually are much slewer to 
accept change and innovation because of limited financial and personnel, 
resources, physical isolation, and apathetic communiti^' [13] Coopera- 
tion and communication are pecessary to generate change in the 
small- sdiools. Meetings should be arranged to explore hew ideas with 
outside consultants, ^o display new teaching materials bid programs, 
and to create a sense of cooperation «vintKin interest groups. A bus 
designed as a moving laboratory (?ould travel between ^communities 
in an effort to expose isolated schools to innovative |:)ractices. Teachers 
cinuld be selected for cooperative teaching for a group of snail 
scru)ols. Shared services in many' areas, could be a!T^a^t to small 
schdols, especially in figrianclal matters. Shared specialists could be 
hirea\in subject areas to assist in curriculum development and evalua- 
tion, iHs^ervice sessions, and proposal writing for grants. With their 
salaries supported by various .grants, specialists or supervisors can 
provide expertise for a shared-service group or a larg^ school district. 

The s^^cncc educator should become familiar with the roles of 
any supportiyc personnel available at the local and state levels. Ortt 
of the I©Qal Supervisor's roles, for example, is* to demonstrate and 
dissemiijate inf(>miation to effect diffusion and acceptance of- an inno- 
vative educatiorii^l practice. [7] Yhe st^te science supervisors should 
be contactcd^ire^jtly since the state directly controls various sources 
^f funds. / \ ^ , ' 

Edu(±tors sometimes think that innovative practices are occurring 
some place other thab in their own community or state. A survey of 
^ exemplary teaching practice at Utah Universitv^ indicated the signifi- 
cant extent of innovation occurring within a single institution> At 
the University of Michigan, a four-year tost was^completed 'in ^'the 
*^ability of utilizing the resofirces of a state-wide teacher organization 
in the identification and diffusion of prdmising teacher innova- 
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dons." [41 Such studies indicated that **things are happening on the 
hooic front, be it at the regional or state levej." If dissemination cffoite 
were greater, educators would he exposed to more innovative ideas and 
not "rediscover gravity** quite as;^3tt?n as they now do. 

Science educators should be encouraged to observe inst^icctionaj 
settings that are new to them. A Visit may l)e arranged to thje next, 
room, the next school, or the next state.' A^catcr effort should be 
mad^ to provide for educators to personally observe new or innovative 
instructional settings. ' , \^ 

The personal planning of the science edupator is worthy of some 
discussion at this point. Everyone knows that planning ahead lias 
merit. In the jSlanning effort needed by a teacher in a laboratory* 
course, or an instructor of an inservice course, or a prafessof of a 
college science methods class, one can :^nd some commonality.* For 
eveiy class activity there should be a realistic inventory of nece^ary\ 
instructional supplies ^anS^'equipment, in advance of the activity. For ^ 
example, some activities will suggest group demonstrations, two- 
student teams, or pcrluj^ six-student teams. When limited funds are 
available, it -is mostv^important to purchase for minimum needs as 
dictated by pre-sclected teaching stratepes to maximize usage of funds. 

If the particular needs^ of a science educator are clearly defined, ^ 
he or she can then start loc^ating materials. Simple exchanges of chemi- 
cals or glassware between schools, for example^ may be a means o{ 
obtaining material quickly at no cost while decreasing inventory 
excesses on certain items. Advance planning may also allow the edu- 
'cator to identify alternative instructional components for specific 
learning functions. It is most important, however, that available 
instructional components do not determine what Tsjto be taught. For 
.example, just because 65 science filmstrips are ^vaila^le does not mean 
they all must be used. ^ 

The'^cience educator may ws^t to attempt to develop a formal 
proposal for possible funding. The writing effort should be initially 
given considerable thought and Study. It is doubtful that a grant 
attempt should be made^unless the educator is-highly motivated. Weeks 
or perhaps months of work put into a proposal may result in a '*no" 

reply. , 1 w 

A careful review of the available sources that may\sup;K)rt thc^- 

proposal is always* prerequisite. There is no substitute fcfr. good 

personal contacts with funding sources, Oije must follow the particular 

proposal submission guidelines for each progryi, even t^oughjhey 
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are often qqite similir. Obtain^ old copies of suceessfidj^foj^XS thai; 
were ^ritt^ following the particnlar'gmdclincs, ip quesdon. The 
^hjascology used in the proposal can have a-^effnitc* effect on the'^ 
-field readers, [9] Each prbpO^' should shcrw good plaijning -with 
Realistic objectives; metKods, and evaluation. Esoteric education jargon 
cannot conc^f a'weak proposal design. If^a professional graixtfinan is 
,'availahlc, his or her expertise ^^ould be tised, : • " / 

' " 'After obtaining a grant,,jhe work Has just l^gun^report? wilf be 
due and site viatations can l« cxfwrted, Aniateurs^y suddenly find 
themselves involved with payroll departments; federal program offices^ 
community advisory bc^ds, personnfi^ directors, auditors, maintenahc6 
departments, architects, local fK>liticians — and students* Although 
grantsifnanship is not ca^Iy developed, it is worth the e^ort. Direct 
involvement in several winning and losing proposal efforts has no 
learning substitute, ' ^/!7 
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Reprinted with permission from The ScifnceTeacher. Vol 41, Ns, 3, 
Marcfil974,pp,3«5, 

' . . ■ 
Science teachers, with tReir training^in the proce^es of science, would 
seem to be uniquely motivated to make use oftfeearch evidence related 
to teaching effectiveness and curriculum choices. Research of interest 
to scipcc teachers is carefully indexed in the monthly issues of the 
Current Index' to }{nimais m Education (CIJE) [I] and in Research 
in Education (RIE), [2] These sister journals divide the work, with 
the CIJE indexing approximately 700 journals and the RIE indexing 
appro^mately 1,0{X) report^ a month. Scr^cc and mathematics teachers 
on the mailing list for the SMEAC Newsletter [3] are periodically 
alerted to reports and articles which are being announced in the RIE 
and CIJE, The editor'of the SMEAC Newsletter will provide teachers 
,\vith a list of library centers in a particular state where complete 
microform holdings of reports listed in RIE ard^available to the reader. 
The obvious difficulty in retrieving articles indexed in the CIJE is in 

• Editor^s note: ThSf!^tkcx}ption rates given in the two arricles in th is chapw 
were current at the tinie of their initial publication. Some rates may have since 
changed. It would be best to contact the publishers for current rates. 
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finding^ the' periodicals, pirticularly since most libpati« d(^ not subscribe 
m aU-tKc journals of ii^i;cst 10, scicn^^^ - ' \ , 

' The selection of the journals listed in this- article was ^>ased, in> ' 
pa^i, ofi correspondence' \vith a^^small sample of ten sdchc* teachers, 
supcrvisois,'and othef sdence educatorsi Thc^Urnal descriptibn^ were 
"pattered from a ;iumbe^ o/sourcM^and the'mformation in nearly aU 
Gises was rcvieWd by the journal ^tjor. ** » 

froblemsmiresearchinsciencheacb'mg 

The SciencA Teacher, edited by Rosemary Amidei, is jjublishcd by 

'the Katipnal SciLce Teachers Association (NSTA), 1742 Conn. Ave^ 
N.W., Washin^on, p.C 20O09. If is included with secondary (l|18), 
comprehensive- (|32), and life membership in NSTA. Subscaptioas 

■ are ayailabii^ at $25 per year; single copies are $1.70 per issue. Grcula- 
tion is 23,000, Publication- began in 1934. Presently there are mrife 
issues a year, September through May. The index for the year appears 
in the December issue. The journal is an excellent source of new 
teaching methods, aids, and demonstrations in. the classroom and 
laboratory, and nele developments in science and science education. 

Journal of Research in Science Teaching, edited bx O. Roger 
Anderson, is sponsored by the National Association for Resfcarc^ in 
Science Teaching and published by John Witey and Sons Inc., 605 

" Third Avenue, New^ork 10016. Subscription isrflQr Publication began 
in 196J*-Prraently there are four issues a year, in March, June, Septem- 
ber, and* December. Jheiannual index of authors and volume contents 
api^rs in Issue 4 (December). The Joimuil contains research articles 

.on such topics as instructional strategies, teacher effectiveness, and 
stude^ft achievement and attitud^ studies. 

Science and Children, edited by Phyllis R, Marcuccio, is p^b- 
lished by the National Science Teachers Association,, 1742 Conn. Ave., 
N.W., Washington, D.C. 20009, It is included with elementary mem- 
bership ($12) and comprehensive mcmbershi> ($32); substTiprion is 
$14 per year. Circulation is ?8,000. Publication began in >263. Presently 
the journal appears monthfy from September through May/except 
for January. An annual author and sulrject index appears in Issue ,8, 
May, Prior to "May 1968, the voliAnes were indexed biennially- The 
articles are written to assist the elementary school teacher in planning 
interesting kboratorv and 'classroom science activities. 

Scienc) Education, edited bv N. E. Bingham, is sponsored by the 



Assodarion far ^ Education of Tcachcii of Science^ and isjpublishc^ 
by Wiicy-Intcrsdcnce Company, 605 Third Avenue, New York 
10016. Subscription is $42' per* year; circulation is 2,0(K). Publication 
began ia 1916. Pr;es^n8y dier^ \irc four issues a year, January-March, 
April-June, July-Scptcmbcx, and Octobcr-DecemlJerr The annual indoc 
a{>pcars in(^thc Ortobcr-Decembcr issue. This publication provides 
, informational and rescarcb>^jpclcs on curriculum <icvclopai&it, teacher 
education programs, and other aspects of science education foi" the 
: elementary through juhiqr collcg^e levels. * ^ ^ ' ^ • ' • 

. School Sciince^cmd MatheTmtics, c^ttd by George C Mallinson, 
is sponsored by tjNc School SciciiGC and Mathematics AsKKnation, In«* 
The publisher is Dale Schafcr^ L^^wis House, P.O. Box 1614, Indiana 
University of Pennsylvania, Indiana, Pennsylvania 1S70K Subscription 
is^'JlO in the United States and Canada and $12 overseas; circuktibn 
^ is 7,5(io. Publication began In 1901. Presently there are eight issues a 
year, October through May. The annual index appears as the center- 
fold in Issue 3. in December. A Sixty-year Cumulative ladex* of articles 
, appearing 1901-1960 is available, as is a 197-pa^ hard-cover hwk^ 
tracing the development of science and mathematics education. Book^ 
reviews, and mathematics problems are also presented. 

Journal cf Edjicatia7ial Resei^c^^ edited by Wilson Thiede, is 
published J^y Dembar Educational Research Services, Inc., 2018 N. 
Shennan Avenue, Box 1605, Madison, Wisconsin 53701. Subscription' 
is $10, and circulation is 6,000. Publication began in 1920. Presently 
there are 10 issues a year with Issue- 9 for May and June. The author 
\nd article index for the year appears in the tenth i^ue, July-August- 
The Joifr9iaLccf\tQsns short ^well-documented articles on school prob- 
lems in the elementary throiigh the graduate schok)rievels. It also 
contains research articles and ci^jiques designed to advance the sci- 
entific study Qf education' and improve fielcf practices^ ^ 

Review of EducatioTial Research, edited** by Sam Mcssick, is 
sponsored by the Anfferican Educational Research Association, 1126 
16th Street, N.W., 'Washington, D.Q 20036. Subscription for non- 
members is 1 10, and circulation is 14,000. Publication began in 1931 
with five issues per year. In January 1972, the RfeR became a quarterly. 
The Revi^ publishes not only reviews of cducaribnal research, 
but also research in the social and behavioral sciences, managemenl^ 
and humanities, so. long as they bear on educational issues. 

Jourml of College Science Teaching^ edited by Leo Sphubert, is 
published by the National Science Teachers Association, 1742 Conn. 
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Avc^ N.\^,,' W^tshfngtoo, D,C 2^L. Subscription is $14, and circu- 
lation is 3;600* Publicatignu began in 1971 and from*Qctobftr 1971 to 
April 1973,. the /<?ifftpw/was published* quarterly, with ti^ volume 
ending in April.; In 19^3-74," the Joufml w^ issyc^d five tinics per 
year in the months of October, December, February, April, -aiid Ij^ay. * 
The Journal is addressed primarily to college science teacl^rs^ of 
introduptoiy courses. Jaurml articles deal wi|^ such topics as hi^^ical 
and philosophical prpbl^iis iA science, educa^on, laikuratory innova- 
tion^ and muItidisdpKnary approaches.' - ' / ; / ' ^ 

' Scientific Ajn^can^ edited by Dennis Flanagii, is? available from 
the'publishir*at 415 Madiison Avfenae,*^ New York 10017. Subscription 
rate is $10*i year; circulation is 525,000. Put^catidn begap in 1845/ 
The journal i$ issued monthly with an ^mual index in' the December 
issue. This journal isxonsidered tp be the best general, science publica- 
tion for bcjtli the student and the scientist. ajticles provide inter- 
prctan,on|f of sciaitific advance in the phyacay life, and behavioral 
sciences;^ ; 4 \J 

^ Scihvce, edited by, Philip Abelson, is sponsoteS by the Ameri- 
can Association for the Ad^ncement of Science, 1515 Massachxisctts 
Avenue, N.W*^ Washington, D,C ^pp05. T^^e Annual sutecr^)tion is 
$30; school y^ subscription for nine months is $22.50. The circular . 
tiori is in^ excess of 160,000. Publication began in 1880. Science is 
-published weekly, except the last ,week in December, but with m 
extra issue in November, Indexes appear in the last issue for March, 
June, September, and December. Science is a forum for the presentation 
of i^ucs ^elated to the advancement of scicnct. Sophisticated re^iarch 
articles, general essays, anc^^book reviews ate features of this publicarioiv 



Biology education 

ATfiericm Biology Teacher^ edited by Jack Carter, is sponsored! by 
National. Association of Biology Teachers, 1420 N , Street, N.W., 
Washiifgton, D,C. 20005, Subscription is $15^ with a circulation of 
I4,2Q0, Publication began in 1938. The journal is issued monthly 
except for Jurje, 'July, ancTAugust. Ail volumes have nine isues except 
for Volume 9 (.1947) which had eleven issues. The indc?^ for the ym 
is in the December issue. Thp articles, which are' written by both 
educators and scientists, are concerned with current events affecting 
biology education, new teaching methods, aids and demonstrations in 
the classroom and laboratory, as well as with interpretltions of tech- 
nology and research. 
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f Journal of Biolqgical Education, edited by B. Grcgson-AHcott, is ' 
sponsored by* the Institute of Biology, The publisher's addre^ isv 
Institute of Biology, 41 Queen's Gate, London SW7 5HU,.Englani\ 
Subscription rate is |l2 a year with* circulation of 2,500, Publication 
began In 1967. VolMmcs 1-4 consist of four 'issues; volumes 5 onward 
cohsi^ •lif 5ix issues/ appearing in ^^cbniai^, . April, June, August, 
Oijtbbcr, and Dccfcn^ber. The' annual index appears in Issue 6, Dcccn\- 
bcr. The Jqurml discusses biological education at the ^condary 
through unddrgraduate levels, Th^rticles focus on hljoratory experi- 
ments, course arid ' cxirriculum (development, instructional a^ck, and ^ 
apparatus. Book, film,- and equipment reviews are also included. 

Natural ' History, edited by Alan Temcs, is sponsprcd by the ^ 
Ai^jerican Museum of Natural History, 79th Street and Central Park 
West, New York 10024. Subscisiptioi/^ is $8 a yfcar, with a qirculatioa > 
of 350,000, Publication began in J9i)0. There are ten issues a year: 
monthly (Octojber-May) and bimonthly (June-September). The an- 
nual indjgx is printed separately and is available on roquet. The journal 
is indexed by the Reader's Guide to Periodical Literature hut not by 
CIJE. This "loumal represents an excellent approach to conscrvatioi^ 
anthropology, geography, and all types of nature studies through 
authoritative articles \vritten^-in a semipopular style featuring out- 
standing photographs. ^ 

^ ' National Geographic Magazine, edited by Gilbert M, Grpsvcjior, 
is sponsored by National (Geographic Society, 17th and M Streets, 
N.W., Washington, D.C 20036. Subscl^ption is |9; circulation is 
8,800,000, Putlication began in 1888 with monthly issues. The annual 
index appears as a separate volume. The articles about interesting 
people, places, customs, and organisms arc beautifully illustrated. 

Journal of pnvironmemal -Education, edited by Clay Schoenfcid, 
is published by the Dembar Educational Research Sefvice, Inc., Box 
1605, Madison, Wisconsin 5370L Subscription is |l0; circulation is 
2,70fl/rhc publication began iy ^969. The /^?z/rMr^appears quarterly 
with the annual index in the summer (No. 4) issut. The ]omml 
contains Research articles, project reports, and critical essays designed 
to advance the scientific study of ecological communications^ and 
improve field practice in environmental education. 



Chemistry education 

Journal of Chemical Education^ edited by W. T. Lippincott, is 
sponsored by the Division of Chemical Education of the Am^can 
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Oiemical Society, with editorial office at the University of Arizona, 
Tucson. Subscription is $6. for one year; circulation is 25,0W* Publi- 
^ cation began in January of 1924 with monthly issues. The annual index 
is in the December issi}«» The ^urnal contains review asticfcs sum- 
marizing recent developmenti|iri chemistry. Also included are sum- 
marj^ of tested and succcssfpl|ipproa(rhes in curriculun^ revision^ in 
course development, in laboratory design, and instrumentation ind 
experiments. 

Chefmstry, edited by O. ^eodor Benfey, is sponsored by ttic 
American ChemicM Society, 1155 16th Stim, ^.W^ Wasfungton, 
'D.C 20036. Single ^bscription is $6;. 10 or ^orc with single p^aymdit, . 
'$4.50; 10 or Aifcre cov^ing a 9-month academic year to a single 
address, $3.70. The journal is published monthly, except for the July- 
^August issue, with an annual index in the December issue. The journal 
presents anicles on the interpretation and application of chemical 
research, historical aiipects of chemistry, and related articles written 
. for the beginning student in chemistry. 

Physics education 

Phyncs Teacher; edited by Clifford E. Swartz and Thomas D. 
Miner, is sponsored by the Am^can Association of Physics Teachers 
of the American Institute o^hysics, 335 E, 45'th gtrcet. New York 
10017. Subscription is $10 a Vear, with a circulation of^over 10,000. 
^ Publication began in 1963! Presently there are nine issues a year, 
September through May. The annual index Appears in the December 
issue. In each issue the journal contains three to four authoritative 
articles pn topics in physics of^^nter^t tOvteachers of the introductory 
cou^e, whether at higty^ool or college level. The joumdi also 
provides articles on new classroom techniques, laboratory demonstra- 
tions, new equipment, and book reviews- 

American Joimml of Physics, edited by Edyin F. Taylor, is 
. sponsored by the American Association of Physics Teachers and 
published by the American Institute of Physics, 335 E, 45th Street, 
/ New York 10017. Subscrip^tion is $25 a yeaj', w^h a circulatipn of 
14,000. P^lication b^cgan in 19331. At the pf&ent Uit- Journal is pub- 
lished monthly. The annual index appears in the December issue. The 
7^z/r;i^. articles range aver th^ entire field of physics and emphasize 
three types of papers: Expository articles; historical or philosophical 
wqrks, and exeriiplary instructional methods for th^ classroom or 
laboratory. Book reviews appear monthly. 
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Earth science education x , " 

Jounm of Geological Education is publishfed fhc National 
Association of Geology Teacl^js, 2^01 M Street, N.W», Washington, 
D.C 20037. Subscription is $10 a year or $8 membership fee for indi- 
viduals only. Publication began in ^ 95 U Presently there arc fivfe issues 
yearly: January, Mardt^, May, September, and November, 

The Journal conjair^: review articles in geology, articles on- im- 
provements in teacWng, reviews ijf bcK)k$ and films, cla^rbom proje<^ 
and laboratory a^d field work techniques primarily of interest to^earth 
science teachers at tht secondary school level and instructors in geology 
^^^t the college Icfvel 

Sky an/i Telescope^ edited by Charles A. Federgr, is*?ponsorcd by 
the Harvtrd Observatory and publishedbby Sky Publishing Corpjowr 
, tion, 49-51 Bay State Road, Cambridge, Mas^cht^tts 02138. ''Sub^ 
sc^iption is $8 a year, with circu^tioflTof 58,000. Publicaticm began in 
1941. Presently there Are 12 issues per year in two volum^ The in- 
, dexes are contairved in the June a^4 t)eccmb^ issuesrIPie jolimal 
interprets the advances i^i the astronomical sciences and includes reports 
oft amateur astrorfomers, an observer's page, and monthly evening sky 
maps. I ' * ■ 



Postscript 

" Tlie following two additions to^the 1^ of periodicals reflect the^ 
concerns voiced ^o the author after the initial publication of the article. 
Science teachers may also wish to review Ulricb's buermtioml Periodi- 
cals Directory . [^1 

Bioscience, edited by John A.^chnke, is the official publication 
of the American" Institute of Biological Sciertce, 1401 Wilson Bivd., 
Arlington, Virginia 22209.^ Individual subscription available only 
through AIBS membership: with individual $25/year; student $12.50/ 
year; ins^turional substriprion |32/year. Grculation is 17,300, Publi- 
cation, began in 1951 and the monthly journal is. indexed annually in 
the December issue. Bioscienae interp*ts advances in the biological 
sciences through concise news items and educational articles. 

Scie'hce Ne^vs, edited by Kendrick Frazier, is published by Science, 
Service, Inc., tHth subscription dep^ment at 231 West Center "Street, 
Marion, Ohio 43302. Anrfuah subscription /ate is $10 for the weekly 
news magazine of science. Circulation is 110,000. Publication began 
in 1922 as the Scie7i$^ Neivs Bulletin, became fhe Science Ne^s Letter 
in 1936, and was abbreviated to Science Neil's in 1966. Scmi-anftual 
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indexes ^appear in the last iKute in jime and December. The publi^icr 
estimated thaY-this weekly summary of purrent science is read by ov^r- 
■50^000 teachers and over 70,000 students(pcr week Suring the school 
yea^. 
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Mitchell E. B/oxofi, Assacidte Prsfessor of Science Education, Jersey 
City State College, N.J. ■ ■ ^ ' ■ 



Reprinted with permission from The Science Teacher. Vol. 42( Na 4, 
April 1975, pp. 31-35 and 47^9. 



■ In the March 1974 i^uc of The Science Teacher, William S, LaShicr, 
Jr., described 21 major journals of interest to science teachersr The 

^Science Teacher, Jpunial of Research in Science J^acking, Science^ 
md Children, Science Education, School Science ]and MatheTmticsl 
Jotmial of Educafional Research, RevteiJ: of Educatio^ Research, 
Journal of CoUege Science Teaching, Sdftntrfy: Awiertc^i Science^ 
American Biology Teacher, Journal o f Biological Educa^n, Nattiral 
History, National Geographic, Journal of Environmemal Education, 
Journal of Chemical Education, Chemistry, Physics Teacher, American'* 
Jotmial of Physics, Journal of ecological Educjfion, Sky and Tele- 
scope. This was a scltcjf^^ not comprchensive^t. These 21 journals 
are certainly the key^eriodicals for sciedce teachers. 

The purpose of this article is to sijggest some valuable but l^ser 
known periodicals, and others omitted from the previous li$t- Every 
reader should find at least on|; pubucarion here that will oj^n countless 
doors to himself and/or his students. " " 
Keaders are advised to select titles diat appear' (from the annota- 
tions) to be of interest and value and request samp^p copi^ for review 
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^from the ted^tor\ of publisher. Kic^ journals will gladly ^tonotr sujfe 
requests if there is sincere interest expr^i^d in* their jju^cation* It is 
advantageous for wurnals to respond favorably to these reqii^ts since 

' individual or Kbrai^ subscriptions bfte^ follow in. due course. Yet 
there is never any pbligation to subscribe.- Be selective in sending out^ 
letters, Do nvC deluge journals with indiscriminate, blanket letters 
from students, \ 

* The periodicals I^^d and annotated here -are grouped under the 
followng 12 arbitrary categoric: ■ 

r I. Pd^odiCals devoted to current bopks in science and t^rhnology 
II. Periodic^ devoted to the film medium in science and technology 

III. Three broad-coverage periodicals 

IV. Something vmique and special . . 

V- Science and society and a cultural- approach to the ftcaching of 
science ^ \ 

VI. Scieficc education research . * 

VII, Environmental science/education . * 
• VIII. Physical science 

IX. Earth and space sciences , / 
X. Biological science " ^ ' . 

XI. Periodicals of general interest to science teachers ' 
-XII. Curric^m/nondescript tides/hidden science education'research 



In addition, there are two concluding sections: 



♦ Science teacher's periodicals, worldwide 

• Omissions and perspective 

Information given in the annotations was obtained, in most cases, 
from several current isj^ic&^f the journal and was checked with the 
editors. Thus, so far/^ possq^le, the information given is up-to-date. 



/. Periodicals devoted to current books in scienceand technology 

AAAS ScieTwe Books, edited by Kathryn Wolff, is published by 
the American Association for the Advancement of Science, 1515 
Massachusetts Avenue, N.W., Washington, D.C^ 20005, Attention: 
Keith Rath. Subscription rates: $12 per year; aj^ditionai subscriptions 
to" the same addre^ $11 ^fcli. Single copies are $3.50 each, AAAS 
members' rate: $11 per year. Science Books i^ published quarterly (in 
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May, September, Decemty^*, ant March) as one of the activities of 
the AAAS for the improvement of science education .and for the 
facilitation of the ^public understanding of science. The magannc 
contains reviews of new trade bool^ textbookSy and ref ^ence work 
in the pure and ^piied sdenc^ which arc intended for |tudents in 
the elementary jtnd secondary schools and in the first two years of 
college. In additiotCnew books on scientific topics interi3cd for the 
general reader ape reviewed, as are selected advanced aijd professional 
books useful for reference by ^dents and teachers. ^ , 

Rev*ws are provided^by prof^sdpnals frqm/thc various ficl& of 
science. The evaluations are the personal appraisals of the reviews and^ 
of t|ve editors and do not represent official recommendatSoxis or de- 
cisions of the A A AS. Each book-is reviewed by a quaiified^^specialist, 
and the published annotations-^e prepared dio ^torial staff from 
the comments of the science specialists. A A AS Science Books is now 
in its tenth year of publication. About 900 t^xt and trade books arc 
reviewed each year. The books are d«cribcd in a 100- to 200-WQrd 
annotation, and they are rated for scope, clarity, accurac/, quality of 
illustrations, reading level, and so on. Each issue also contains a brief 
article on son\e science area of current importai^ and- a reading list 
for thjiit topic. 

Science Books is included in Book Review Digest, Complete vol- 
umcs arc on microfilm, available from^ University Microfilms, Ann 
Arbdr, MI 48106. ^ 

Appraisal, edited by Frances Dojaghpy, Box .25, Center Sandwich, 
New Hampshire 0322^, is published three times a ye^ by the Children's 
Science Book Review Committee, a non-profit organization sponsored 
by the Harvard Graduate School of Education and the New England 
Round Table of Children's Librarians. Subscriptions should be sent 
to Shiriey Roe, Appraisal, Longfellow Hall, Harvard University, 13 
Appian Way, Cambridge, Ma^chusetts 02138. Rates: Domestic— 
$4.00/year; $7.50/2 years; $1.50/copy. Foreign— $4.75 /year; $8.50/2 
years; $2.00/copy. (Foreign by International Money Order only.)^ 
Each book is reviewed by a children's librarian and a science specialist. 
Both rate each book as excellent, ver>^ good, good, fair, or unsatis- 
factory, in addition to thfeir annotations. The Oiil4ren's Science Book 
Review Committee believes that "science books deserve the safne 
careful attenppn as literary, works for children and that; tbey should 
b^erjj^y^onhy of a child's atterttipn." The Spring 1974 issue con- 
tained 6S review's of scjfflbe^ooks for children. 
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ferwdwals devoted w the fUmmeditm^ - * * ' " • 
'^ScieTice FilrfLj^zd by Suzanne Duval, is published by the Interr 
national' SdcnccTilm AsscKnation ^(1^ A) at 38 avenue des ,Tcrncs 
75017, Paris, France- This is a quarteri5f^}ouni&I and the official pdbli- 
cation of ISFA, whose members come from 28 cou^^^ including the 
United StatK, Subscfbtion to the "^dunial (wludi does jwt include 
meni|>ership in ISF/T) i^^ francs or $10 which includd^^^^c^ delivery 
viai ainnail from I^ris to the United States. The currcawfeaic (^hcn 
this article was writtm) 'was Volume 1974,^umber fi, ani^ contained 
^2 pages (36 in French and 36 in Juiglish), Contributors arid contribu- 
^ons are worldwide. This viual medium, the science film,; cuts across 
language aq^ political barriers, involves an intenlationJ^^jg^yj^^pe, 
-nsmiely science, and by virtue of these attributes is one of thdTOw 
comrtion meeting pounds between East and 

ASF A Notes, edited by Malcolm S. Ferguson, is put)lished by the 
American Science Film Association at the University Gty Science 
Center, c/o Dr. Randall M. Whalcy, 3508 Market Street, Philadelphia, 
Pennsylvania 19i04* This is^ a quarterly newsletter designed to inform 
ASFA members on matters related to the several motion media and 
tr'^contriburions to science and technology. Membership in ^the 
Association, which includes ASFA Notes, is $15 for individuals and 
$35 for libraries- ^ 

Through Science Film and ASFA Notes one can learn of current, 
stimulating, in^rmative, and avant-garde films on topics in science and 
^technology. Many of these films, produced around the world, arc 
works of art and winners ofjiumerous a\*^ds. They should ^nd their 
way into schools and colleges at all levels of education. 



///. Three broad-coverage periodicals 

Science Edtlcation^^e^vs, edited by Orin McCarley, is published 
by the G>mmission on Science Education, American Association for 

^the Adv«icement of Scienc'e, 1515 Massachusetts^- Avenue, 
Washington, D.C 20005. Partial support for publication of Science 
Educattdfi N^a>s is provided by the National Science Foundation. \% 
is published irujanuary, "March, May, August, October, and November* 

' Starting this year two issues of the six will be on a single theme. Eveiry 
issue contains useful information of interest to science teachers ahd 
others in the science education field. This includes notes on workshops, 
conferences, new publications, curriculum projects around the country 

*l\6 ■ ) 
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• y . . ' 

and around the world, ablets from certain journals the science 
teacher is not likely to see (eg., The Chromcle for Higb^ Education^ 
InstTuctional Technology, others), information on films and other 
media, and other topics. Subscription to Science Education i^eo^s? is 
free upon request - ^ 

. Science iVew, edited by Kendrick Frazier, is a Science Service 
Publication, and originates at Science? Service, 1719 N Street, N.W^ 
Washington, ^.C 20036, Science Service, an^Institutipn for the 
Popularizadon of Science, -was founded in 1^1. ScieTice Nenjjs (in- . 
corporating Science News Letter), is published every Saturday • 
throughout the year. Science Ne:ws reports the weeVs developments in 
euery field cf science, describes new books and films (16mm iijid 8mai) 
and contains a section on new products coupled to a Reader Service 
Card that can be mailed to bring more information on a designated 
product. In the third number of each month is a page or two by 
James Stokley on the sky events of the coming month. A ^'Celestial 
Timetable'' is included in this feature. £• Sherburne, Jr^ the pub- 
lisher, reports that ^^Science Nenj)S is the oijly weekly news magaz^ie 
of science in the United Sutes, and itsj:a»girfy\100,(X)0 circulation is* 
divided- among scientists and engineers (wjio ^^ad it for news out of . 
their own fields,of specialty), science teachers, student and interested 
laymen/' Subscription Department is at 231 West Center Street, 
Marion, Ohio 43302, Subscription rate, for 52 isues: 1 year, $10; 2 
years (104 issues), $13; 3 years, $25 (add $2 a year for Canada and 
Mexico, $3 for all other countries). 

Mosaic, edited by Bruce Abell, is published by the National 
Science Foundation, Office of Government and Public Programs, 180O . 
G Street, N.W,, Washington, D.C 20550. Subscription is $4.50 per 
year in the U.S, and Canada and $5.75 foreign. Single copies are $1.25. 
Send check or money order to the Superintendent of Documents, 
U.S. Govemmcnt P/inting .Office,* Washington, D.C 20402. Published 
four times yearly.-*^ a source of infonnation for the i'sci^ntific and 
educational conimuniries served by the National Science Foundation. - 
Wiriter 1974 issue (Volume 5, No. 1) contained articles on: "Tundra: 
The Cold Ecosystem,'' "Armcliair Tours Through Miniatiu"e Gties," 
/'How Do You Move a Lunch Line Faster" (relates to a new NSF- 
funded elementary^ school mathe?riatics/science program, USMES), 
Nobel Prizewinner One Year Later," "The &ia Turns Over," "Re- 
search Notes," and "Decrease in Doctoral Growth' Rate Continues — . 
Proportion of Women Doctorates Increases " 
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IVi Soniethrng unique arid special 

CSLP4V€€kly Even Notification Report C^ds and Armml Report 
are published by the Sniithsonian Institution Center forfShort-Livcd 
Phenomena (CSLP), <S0 Garden Street, ^Cambridge^ Massachusetts 
02138. Subscription to the Center's tvent notification and information 
card service is $15 per ycar^or any or all categories of events issued 
by thej Center. £!vcnt cards arc mai^pd at the end of each ^cek. The 
categories covered are Earth Science Events, Biological Science Events^ 
Astrophysical Events, tlr^nt Anthropological Events. It Happened 
Last Year, the annual tcpdtt and review of even^ published in Sep- ^ 
tember 1974, contains information on the short-liVed events die Center 
reported in 1973. This was the fifth Annual Report published by the 
Centfcr, Events inclutle volcanic eruptions, earthquakes, landslides, 
floods, a cyclone, storms, sea surges, oil and cTicmical spills, air pollu- 
tion incidents, animal mortalities, a leaf -cutting ant plague, a Brazilian 
bee infestation, animal migrations, a fed tide, beached whales, fores? 
fires, fireballs, and a lunar meteorite impact. Reports include photo- 
graphs, information contacts, bibliographies on related scientific reports, 
and preliminary results of field research- This jd(^niment ancf the other 
Annual Reports can be ordered directly from the Center for |5 each, 
postage-paid. Send ch^ck or money order to CSLP, 60 Garden Street, 
Cambridge, Massachusetts 02 1 38, y.S. A, 

In addition to the Weekly Evem Cctrds and' Annual Reports 
described above, the Center coordinates an International Environ- 
mtfntal Alert Netw^drk, Tlus is an action-oriented program involving 
participants in 27 cdmtries and the 'United States. In the United 
States there are 800 secondary schools and colleges participating in 
this nctvvork/program. 

Cornell Science Leii/?ef,,.-SKquarterIy periodical, authored arid/or 
edited by Verne N. Rockcastle (for morAthan fourteen years) was a 
continuous project of the Department of Education and the New York 
State College of Agriculture at jZornell University since 1896, The 
Cornell Science Leaflet, issued at $1 per year in recent years. Was 
originally (and for many years) 'calle^ the*Car72^i/ Rural School 
Leaflet, After a long, distinguished history, publication terminated in 
1969. However, subsequent to that date, back issues, from a list of 41, 
were available from Cornell at prices ranging from 10 cents to 25- 
cents each. Maay titles are still available from Cornell Science Leaflet, 
Mailing Room, Building 7, Research Park, Cornell University, Ithaca, 
New York 14850, Libraries may have bound copies of the entire series. 
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Each Leaflet is a gem of creative writing and clever ideas packed into 
32 pages of bright, clear text with abundant illustnttioos and photo- 
graphs (usually by- Verne Rockcastle, an accomplished photographer), 
experiments, activities, and suggestions for further reading. The Leaflet 
can be read ^nd enjoyed by upper elementary school children and 
^bove. More important, this is an extremely useful and sigmficant 
reference for elementary and junior high scHool teachers and parents, 
A flyer/order form, listing the 41 titles tiiat arc still in print, is iivaii- 
able from the above address* 

V. Scievce md society and a cultural approach to the ^ ^ 
teaching af science ^ 

Bulletin of the Atomic Scientists, edited by Samuel H. Day, Jr., 
is published at 1020-24 East 58th Street, Chicago, Illinois' 160637- Issued 
monthly, September through June; subscription, |10 per year. Its 
arti|;les,;for the ihost part, arc written by sdentists (rather than staff 
writers) and deal ^yith the impact and important linkages between 
science, technology, and public affairs. Back issues 'of the Bulletin 
"^are an important source of information in tWs^eld. Sec also The Niv) - 
Scientist, published in England, and Technology Revie%s>, published at, y 
tTie Massachusetts Institute of Technology. In the case of The New 
Scientist, the articles, for the most pa]^ tend t^e written by staff 
\yriters rather than scientists. However, all t!u-ee of these journals are 
prime sources of material relevant to the crucial issues involving sci- 
ence, technology, and society. • 

Federation of Americctn Scientists Public Interest Report and its 
Professional Bulletin arc both published at 307 Massachtisctts Avenue, . 
N.E., Washington, D.C 20002. The subscription rate for the publica- 
tions is^$30 per calendar year, but members rcceiVe them free and 
pay $15. 

hiterchavge, edited by Judith Seltzer, i^published by the Popula- 
tion Reference Bureau, Inc., 1755 Massachusetts Avenue, N.W., Wash- 
ington, D.C. 20036. A bimonthly newsletter. A population education 
newsletter for secondary school ^eyej teachers and curriculum super- 
visors. Designed to (1) promote understanding of current population 
, trends and i^u^; (2) provide information on training opportunities 
and teaching materials; and (3) outline instructional activities useful 
in the classroom for illustrating populatioil subjects. 

Isis, edited by Robert Multhaiif, is published at the Smithsonian 
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Institutioii, Washington, D.C 20560. This quarterly is the officijd 
journal of the History bf Science Sodecy. Subscription to ijidividual 
4iiembers is $18; $9 for midents; $21 to libraries and other institution 
Publication is in March, June, j September, and Dkxonber, plus a 
Critical Bibliography issue* ^ ^ scholarly iQum£(l contMning 
articles on both pa^ and conmr^rary hi^ory of science^ George 
Sarton, I. Bernard Cohen, ^erett Mendelsohn, Grendd Hdwn, and 
many other distinguished Kholars in the Held^haye^at one time or 
another been associated with Ms,; 

Smthsonian^ edited by Edward K. TlK)m{^n, is published at 900 
Jefferson Drive, Washington, D.C 20560. A m^thly publication for 
National Associate Members of The &nithsonian Institwioa Member- 
ship, incli?ding subsgription to Smthsonkn^ is $10. This is considered 
a special interest magazine and contains articles on a vbiety of tonics 
including natural and< h^d 'science and technology, die arts (fine add 
folk) and history. ^ 

Set also the periodicals listed under Envi|pnmental Soence/ 
Education, 

The OECD Observer is publi^ed bimonthly, in English and/ 
French by the Organisation for Economic Co-0|icration and Dcvel- ^ 
opment Editor is yVnker Randsholt Annual subscription is^4.50, and 
the- English editi^ may b€ ordered from the OEGD Publicatipns * 
Center, Suite 1207,. 17S0 Pennsylvania Avenue, N.W^ Washington, 
D.C 20(X)6. The Organisation incluScs countries of Europe, As)Sl 
(Japan), North America, and Australia' and New Zealand. In addition 
to news of the OECD itself, the Observer carries articles of general 
interest on current problerns such.as^ energy and the environment 
agriculture, urban planning, and educational developments in the' 
member countries. Particulariy valuable for the broad view of current 
issues. Y 

VL Scierice educatioji research ^ 

Studies m Science Educatiofi, edited by Ekvid Layton, is pub- 
lished by the Centre for Studies in Science Education, The University 
of Leeds, Leeds LS2 9JT England. This is a new journal with Volume 
One^ being published in January 1974* A:^ual subscription in the 
United Kingdojg|f and elsewhere overseas is £2. In the U.S.A.^ $6.50. 
' Postage is included in each case. Remittances from overseas should 
be in sterling. Cheques, etc., should be made payable ^ ^'University 
of Lefds'' and crossed. Contains some significant reports by scholars 
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of international reputatioa U a valuable research tool for the' science 
educator in that it giv^ some useful le^^ds as to r^earch completed 
and in progress outside of the United States, especially in England, 
Scotland, Australia, and West Germany. This information is not easy , 
to come by through most sources readily available in the United 
States. "As an instrument of research and criticism, it is not the inten- 
tion of Studies in Science Education to compete with existing ^oumals^ 
biit to complement them fey providing reviews of research on specific 
aspects of science education and by drawing together, in Analytical 
surveys, recent contributions which may be published in widely scat- 
tered sources,;It will publish work which reflects a wide variety of 
standpoints, including those of administratiof^, curriculum, history, 
linguistics, philosophy, politics, psychology and sociolp^." Most of 
the articles will be invited but the editor will welcome approaches » 
from prospective authors who feel that their research experience 
qualifies them to write a comprehensive review of studies in a particular 
field, ■ / ' . 

' Science Educatimi'J Research (Title to be< changed to "Research 
in Science Education," followed by a volufpe number— 1974 edition is 
vokifhe 4) is puj)lished annually by the Australian Scrcnce Education 
Research Association. Inquiries should be addressed to: Series Editor, 
Research in .Science E^iucmion, Professor R. P, Tisher, Faculty of 
Education, Monash University, Clayton, Victbria, :AustraHa, 3168, 

Science Education: ^earch I^JISE: Research 197^4 cover pro- • 
ceedings of the annijal cohfcrcncc of the Australian Science EducatkJt 
Research Association. These volumes conta|,n reports covering a wide 
range of issues in science education and a special section dealing with 
researcli techniques (the latter section, starting ^ith the 1973 volume) - 
The volumes are the Australian counterpart of Abstracts of Presented 
Papers, National Association for Research in Science Teaching (USA) 
— 1974 and previous volurnes^published by ERIC at Ohio State. How- 
ever, there are several differences between the Australian volume and 
ERIC/NARST publication. The former contains a relatively stnall 
number of full-length papers and reports, ^^ereps the latter consists 
of a rarher large number of brief abstracts, . ^. 



VII. E72viron?nental science education 

Audubon^ edited by Les'Line, is published by the National Audu-. 
bon Society at 950 Third Avenue, New York City, New York 10022. 
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This is a bimonthly publication with a circulation of 248,762 as of 
March 1974- Membership is $15 or $7 for students. A subscription 
without membership privileges is $13. Audubon is a vividly illustrated 
and informative magazine and a leading voice in the fields of nature, 
wildlife, conservation, and environmental protection. Every issue con- 
tains superb color photographs and paintings and timely articles by 
some of the nation's most renqwncd nature and environmental writers. 
Some issues center on certain themes. For example: July 1973, the 
Southwest desert; September 1973, the Galapagos; March 1973, the 
Antarctic; July 1974, Alaska, including information on jicw parklands. 
Every issue contains a special news section on conservation issues. 

The Conservationist, edited, by Robert F. Hall, is published by 
the Department of F^ivironmcntal Conservation, 50 Wolf .Road, 
Albany, New York 12201. A bimonthly publication with a paid circu- 
lation k 1^5,000. Subscription is |2 per year or $5 for. three years. 
Schools in New York State.may subscribe for $1 per year. Subscnp- 
tion correspondence should be sent to P.O. Box 2325, Grand Central 
•Station, New York, New York 10017. Contains much useful mforma- 
tbn of interest to teachers. Fof example: "Some tips on Studying 
Water as a Resource," by John A. Weeks, 25:48-49, February /March 
• 1971 A Teacher's Guide' is available, upon request, in conjunction 
with each issue^. Two regular features are "Youth and the Environ- 
ment" and a section of short reports oii various environmental issuer 
Simihr in many respects to, and of the same high caliber as, South 

'Carolina Wildlife. ■ . ' . t. . c t. a ' 

. Enviromnental Science and Technology is published by the Amer- 
ican Ciiemical Society, 1155 Sixteenth Street, N.W., Washington, 
D C. 20036. One year subscription for ACS members is $6; non- 
members, $9. Three-vcar subscription for ACS members is $15;" non- 
members S22. The journal includes, each month, current government 
pollution legislation and guidelines, informarion on efficient engmeenng 
techniques articles on fundamental research developments, news of 
productive equipment coming on the market, case histories of ho^ 
problems are being overcome, and other itefms of interest m tins field. 
It features current information on, the economics, laws, and feasibility 
of new techniques being developed to avoid contaminarion of air, 

water, and land. ' • . . j u ^u- 

National Wildlife, edited, bv John Strohm, is published by the 
National Wildlife Federation, 1412 I6th Street, N.W., Washington, 
D.C. 20036. Published bimonthly by the Federation, a non-proht 
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coiporatioa, this is a membership ^publication (like National Geo- 
graphic ^ Audubon^ and many others) available only, to- Associate 
M cmfa^^^d not sold on a subscription basis. Associate memlxr^p 
annual diics $6.50. Editorial offices: 749 North Second StrMt^ Mil- 
waukee, Wisconsin 53203- TWs is one of many conservation-oriented 
magazines and^^ indexed in the Readers' Guide to PeHcfdical Literature. 
it contains hign quality color and black-and-white photographs, in- . 
formatiye articles on a varieQr of topics, and od^f^features. Occasioa* 
ally there wiU be a theme ii^ue, such as the one oxiendai^gered species 
published in April/May 1974. A companion periodical, published by 
the Federation, is Int^nmional Wildlife. This is a bimonthly published ' 
in alternate months dwCig which National Wildlife is not published. 
Subscription -<$:*$6.50 . per y^. World membership include both 
periodicals and is $11 per year* Rcmger Rick^s Magazine is edited and 
published, for the entire elenientary^llool age level. This magazine for 
young people is devoted to understlinding our birds, air, soil, water, 
^voods, wildlife, and other animals. Exciting, informative color phptCH 
graphs, text material, and fun features are included in each of the ten 
issues per year. Subscription is $6 per year. 

National Parks and Conservation Magazine: The Ernnronmentat 
Jotmmh edited by Eugenia Horstman Connally, is published by tbe 
National Parks and Conservation A^ciation, 1701 Eighteenth Street, 
N.W-, Washington, D.C'''2tfD09. Annual membership dues, including 
subscription to the magazine, arc $12 for Associate, Student member- 
ships are $8. Single copies are |L50. The ms^zine is published 
monthly. The National '?arks and Conservation A^ciation, cstab- 
lisihcd in 1919 by Stephen Mather, the first Director of the National 
Park Service, is an independent, private, nonprofit, public service 
organization, educational and scientific in character. Its responsibilities 
relate primarily to protecting the national parks and monuments of 
America, in which it endeavors to cooperate with the National Park 
Service while functioning as a -constructive critic, and to protecting 
and restoring the whole environment. Among the article contained in 
the July 1974 issue were /'This Crowded Planet," "Haven for Rare 
Butterflies'' (Biscaync National Monument), "New Hope for Bay 
Area Wildlife^'; also several regular feature: NPCA at Work, News 
Notes^ and the Conservation Docket in Congre^. ^ 

Animal Kingdom, edited by Eugci«/j. Walter, Jr., is the maga- 
zine of the New York Zoological Societ>^and publish^ by the Society 
The Zoological Park,*Bronx, New York 10460. Published bimonthly. 
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Subscriptions: $6 a year-, single copy, $1.25; outside the United States, 
%1 a year. Jlevealing color and black-and-wjiite close-up photograplfi 
in each issue. . i 

' The Conservation Foundatiofi Letter is published by and available - 
from the Conservation Foundation, 17^7 Ma^husctts Avenue, N.Wj, 
Washington^ D.C. 20036. A monthly report on^vironmcntal concerns. 
The subscription rate is $10 per year in the U;S., $12 elsewhere. Single 
issues are available from the Foundation. Up to 10 copies are $1 each; 
.11-50 copies, $.75 each; 50-9^^ copies, $.60 each; over 1^00 copies, $.40 
each. There is a discount of 25 percent to teache^^ libraries. 

South Carfflim Wildlife, edited by John Culler, is published by 
the Department of Wildlife'and Marine Resourcss, Box 167, Columbia, ^ 
South Carolina 29202, Published bimonthly. Subscription is $3 per year. 
Similar in many respects, to, and of the same high calib^ as. The 
ConservatiQ-nOt published by the New York 5tate' Dej^artment of 
Environmental Conservation. Both publications have a large circulatioo 
that extends well beyond their own states, * 

Envirorment, edited by Julian McCaull, Sheldon Novick, and 
Kevin P. Shea, is published by the Scientists' Institute for Public In- 
formation, at 438 'Nonfk Skinker Boulevard, St. Louis, Missouri 63130- 
Published monthly except January /February and July /August when ■ 
it is bimonthly. Subscription rates areL4 year $lp, 2 years $18.50, 3 
years $27, student $7.50, foreign subscnjtions $2 per year additional. 
Subscription and change-of-addres information should be addressed 
to Grculation Department, Environmefit, Post Office Box '755, Bridge- 
ton, Missouri 63044. Indexed in Readers' Guide to Periodical Literature. 
Entitled Scientist and Citizen previous to thp January/February 1969 
issue. -The articles, many of wluch are written by staff writers,* arc 
prepared with both la>Tnan and specialist in mind. 

The Curious Naturalist, edited by Judith Hubley, is published 
by the Massachusetts Audubon Society, Lincoln, Massachusetts 01773, 
nine times a year, from September through May. Subscription is $3.50 
per year. Bulk ratcs^ for 20 or more are available. Each issue is devoted 
to a single topic, such as pollution, animal camoaflage, sound, biological 
■ succession and the like. In addjtion there are yearly themes that per- 
vade all the issues. In 1973-74 the theme was "Biomes." In 1^4-75 the 
theme is "Energy." Issues will' treat the natural history as well^as the 
physical science 'aiipects of energy: The Curious Naturalist is basically 
a children's science magazine, but is alst) of interest and value to ele- 
mentary ^nd iunior high school teachers (and parents)." Each issue 
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. coatains background infonnatipa on the topic, suggested experiences, 
projects, and iUustxations; also children's letters and stories in many 
issues. 

NatioTial Geographic School Bulkthi^ edited by Ralph Grjiy, Is 
published by the National .Geographic Society at 1 7th and M &f«ts> 
N.W^ Washington, D.C 20036. Published 30 weeks during tiit school 
. year, September into May, Subscription rates arc $3.2S^or <>nc school 
year (30 issues) in the United States; |4.25 in Canacla and elsewhere. 
IJS. only, 3 ycics for |8.S0. Sujxjrb color photographs, authorititive 
text, appealing layout. Useful to teachers and pupils at various levels, 
but particularly in the elementary and junior high school Articles on' 
many aspects of science as well as geographic topics. Both this leafletr 
size publication and the senior vcr^on, tlic National Geograp^ik, arc 
. among the biggest bargp&kis to be found in the entire expanse of 
periodical litcratiu-e, : ' 

The Uving MQid^ess is a quarterly magazine published by The 
Wildcm^ Society at 1901 Pennsylvania A vendue, N.W*, Washington, 
D.C 2Q006. McTjibership in the'Society is $10 arid includes subscription 
to the magazine. (Preferential rate of $5 for. students, schools, and 
libraries.) The Societsj^is an educational, non-profit, national conserva- 
tion organization formed in 1935. The Society exists to help inter^ted 
• persons and citizen leaders work together effectively to protect our 
wild lands and their wildlife. The Society receives no; governmental 
support and depends upon contributions and membership dues to 
^ carry out its work. 

Yearbook of^ the U.S: Department of Agriculture, an annual pub- 
lication available from the Superintendent of Documents, Government 
^ Printing Office, North Capital Street, N.W., Wasliingtpn, D.C. 20402. 
Many of these Yearbook, published for qtffte a number bf years, have 
become classics in their fi^. See, for example, thie 1949 volume, Trees. 
' Others have been devoted to topics such as (oil, grass, and insects. 
Choice reference. ^ ^ ! 

'Kansas School Naturalis^tdittd by Robert J. Boles, is^ublished 
, at the Department of Biologjv Kansas State Teachers Cpflege, Em- 
poria, Kansas 66801. The publication is issiiwi in October; December, 
February, and April Subscription is free (upon request) to Kan^ 
teachers, school board members, administrators, Hbraruns, conserva- 
tionists, youth leaders, and other* adults iater^kd in nature education. 
Journal of Outdoor Education, edited hf Robert VogV is pub- 
lished at Lorado Taft Field Campus, Northern Illinois Universitv, Box 
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299, Oregon, Illinois 610^1. Issued two time a year: FaH and Spring. 
Subscription is presently freq upon request to the ediK>r. 

A Golden Guide to Envrronrnemal Orgsmzs^tions, cbrapilcd by' 
Bruce W. Halstcad, is published by Golden Press, New Yorki Western 
Publishing Company, Inc^ Radne, W^onsin. 1972. $0.95. 63 pp. 
Product no. 24500, An extremely t^mprehensitc direcpory of 354 
organizational sources where reliable information can be obtained as 
tq the state of' man's onvironnKnt Many of tlw orgamzations listed 
'publish a journal, magazine, .or newsletter. Although this^onnation 
is not provided "in the annotetions it could be obained-through cor-<< 
resporidencc with selected orgaiuzatio^ of interest to the reader. The 
book is organized as follows: International Organizations; International, 
National, and Interstatui Federal Agenaes (listings under each of 
seven departments); Umted States " Government— Independent Ag^- 
cics;^tatc Agencies and Citizens Groups; Canada( (Federal Agencies 
and Agencies of Provinces). 

Aiiiare, "the socio-environment magazine about electrjt power," is 
designed to. present material of value that may aid anjndividual to a 
better understanding of the social and environmental ranufications of . 
electric power. The articles are brief, clearly written, and .extremely 
timely Aiiisxre is published by Community Performance Publications, 
Inc., Suite 12, 2038 Pemttylvania Avenue, Madison, Wisconsn 53704, 
$9 per year. 

Soil Conservation, published by the Sol! Conservation Scrvibe of 
the U.S. Department of Agriculture, is the official SCS magazine. 
Edited by Diana Morse, it is designed for the general reader and con- 
' tttins many aniclcs "arid descriptions 'of projects that could suggest 
educational projects for te^uihers and students. Subscriptions are avail- 
able from the Superintendent of Documents, Government Printing 
Office,. Washington, D.C. 204(72, for $5.65. per year. 

. ... ' """^ 
VIII. Physical science ^ ■ 

Physics Tokay, edited by Harold Da^is, is published by the 
' American Institu^f Physics at 335 East 45th Street, New York Gty, 
-New York 10017. A/monthly journal. Included in AIP mcmbersKip, 
Subscription for ntin-raembers is $12 per year in the USA, Canada, 
and Mexico. Includes articles by scientists (rather than staff^ writers) 
for the most part, a technical news feature, and a nontechnical news 
feature (including manpower concerns), book reviews, people news, 
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an(^[^calendar of events of interc^ to tfiose in tiwj ficlA Approxi- 
mately half the readership is in colleges and universities. 

Chemu:al and Engimerhig News.^ edited by . Albert • Plant, is 
pubKsHcd by the American Chemical Sbdety at 20th anSl Ncirthartipton 
Streets, Easton, Pennsylvania, The ACS is locatcd-at 1155 i(»h Street, 
^•W^ Washington, D.C 20036. Published weekly since 1923 and 
included in membership in the ACS, Clmmad (md Enghnermg Nem 
is available to non-members at $9(J)er year. The quarterly subject/ 
name-index contains a section on education as well as one on research. 
Articles, bibliographies, boo k mg ews^ and charts are found in each 
issue. The publication is botlTthe official organ of 'the AGS and a 
newsmagazine devoted to currcjit iiappenings in the chraiical world 
Its natural emphasis on industrial events may t^s useful to some sec- 
ondary school teachers for certain purposes (e.g^4n career guidance)/ 
However, because of its nature; it would be of lesser value to the high 
school teacher than either the Journal oj Cbemkal Educatian or 
Chemistry. Cbemcal and Engineermg iVe^ is index^ in Biological 
Abstracts Chemiad: Abstracts. ( ^ 

Metric Association Ne^letter^ edited by Louis F. Sokol is* pub- 
lished by IT'S- Metric Association,^ Sugarloaf &ar Route, Boulder, 
Coloradf^ 80302. Pubii^cd q^anerly. Membership in the Association, 
which includes the Newsletter^ is $3 a ycap*^ individuals and $25 for 
corporations. Contains information on metrication developments and 
sources of other metric information. 

Amerio^i Metric Journal, edited by Rofc^ A- Hopkins, is pub- 
lished by AMJ i^iblishing Company, Drawer L, Tarzana, California 
91 356, Published bimonthly. Single subscijiptions are $35. S^ial group 
r^tcs are avaibblc for multiple sut^criptitos to one address. The general 
thrust of the Journal is to brin2,,ai«r and make available -known 
facts pertinent to the mc^e-'SS^em and the International System (SI) 
of weights and measure Articles are solicited from experts in the 
field. Revealing and instructive charts and graphs are included in each, 
issue. Comprehensive in scope. Of interest to science and mathetttetics 
educators as well as those in industry. 

Dimensions k the Technical News Bulletin of the National Bureau 
of Standards, a-vailable through the Superintendent o? Docum^ts, U.S- 
Govemment Printing, Office, Washington, D.C 20402- Annual sub- 
scription, $6.50; It reviews and highlights issues like energy, fire, 
buildiqg technology, metric conversion, pollution, and consugjer- 
product performance. 
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IX. Earth and ipace sciefwes 

• Weatberwi$€^ edited by David Ludlun, is publisl^ by the Amcri- . 
can Meteorological Society at 4S Beacon Street, Bo^oii, i\Iasachusetts 
02108- Issued bimonthly since }948. Subscription is $8 per year. Back 
issues arc a valuable source of information on demonstratioji ideas for ' 
teaching aspects of w^^ther study (cg^ construction and use of a 
ncphoscopc, working model of a torradoT apparatus to dcmon^tc 
mist, fog, cloudy and rain formation, etc.)- ^ 

Gf^?f^^, edited by Wendell Cochran, is pubUsI^d by the 
American Qcological Institute at S205 Leesburg Kke, Falls C^iurch, 
Virginia 22041- Subscription is $6 year for meml^rs of AGI 
spcieti^ $9 per year for non-members, pliis $2 postage outade North 
America. Its 12 issues per year c^trry' newsworthy articles on the earth' 
sciences, book reviews, information on new filing maps, and the like. 
A useful and interesting publication for the earth science teather. 

Mercury^ edited by Richard Reis, is publi^ed by t^c Astronomical 
Society of the Pacific, at 75 Southgate Avenue, Daly Gty, California 
94015. Issued bimonthlv^. Subscription is $10*per -year, which includes 
membership in the ScKricty. A regular feature of this .publication is 
"Universe in the Cla^oom.- Another feature useful to teacl^itrs -is a 
"High School Supplement," which relates astronomy to otiier disci- 
plines. Mercury replaces an <ight-p3gc p>ockct size Leaflet published 
by the &)ciety monthly until December of 1971. The Leaflet^ designed 
^marily for nontechnical readers, included one issue which gave a 
wide range of astronomical data for an entire year. Some back issues 
of the Leaflet ar<f still available fr6m the Society. The Astronomical 
Society of the Pacific was fomierly located at the California Academy 
of Sciences in C5olden Gate Park, San Francisco. 

' The Griffitb Obsen^, edited by William Kaufmaim, is published 
'by the Grifiith Observatory at Post Office Box 27787, Los Angeles, 
California 9Q027. Subscription is $3 per year for 12^ssues, In addition 
to a sky calendar an(^ sky map, each issue contains short articles of 
geni^ interest and a major article on some significant topic 'in 
asti!'onomy* - • , — r — ^ 

The Revie<w of Po0^ Astronopty was published bimonthly by 
Sky Map PublicarioriS, Inc., at 14I South Meramec, St Louis, Mis- 
souri 63105. The Review, published from 1951 until 1970, contained 
regular features in each issue such as "The Naked-Eye Sky Watcher.*' 
In some respects this periodical was more useful to the amateur 
astronomer (e.g^ in planning "Star Parties'* or /'Evenings of Sky 
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Watching' for classes) than Sky and Telescope, so it is unfortunate 
that publication terminated in 1970. However, it is included here ^ncc 
. back issues arc available in libraries and these should be of interert to 
both students and teachers. 

Aerospace Bibliography^ Sixth Edition, compiled for ftic National 
Aeronautics and Sjpace Administration by the National Aerospace 
Education Council For sale by the' Suj^rinteodent of Documents. 
U.S. Government ftinting Office, Washington, D,C 20402; Stock 
Number 330(WX)46O. Price, fl.^. Part III of this Bibliography con^ 
tains an Annotated listing of 19 pioiodi^ relevant to aerospace science 
tcchnolog>^ sinij education. Included h^^arc AetQspace Technology, 
AstroTumtics and Aeronautic^, A^vktion Wfek cmd Space Technohgy, 
Model Rocket News, Skylight, 5pi?c^//ier£?^^ri£:x, Spa^^ Worid, The 
^Stmient Ro(:keieer\ and others. Th^^ i^dviscd to obtain tihc 
latest edition of this Bibliography smce'^hc statuS^f the^ f^odicals 
changes rapidly. Some terminate publication, Uthers come into 
existence. ^ ^ 
% f^opukr AstroTwmy is publi^ed by Philip Scldon at 245 Eaa 
25th Street, New York, New York 1(K>10. A monthly xAagazine t;a 
begin publication in April 1975 (^Volume I, Nupiber 1) at $12 per ycat. 

Space World is published by Palmer Publica^pns, Amherst, Wis- 
consin S4406. Annual subscriptioij, $12.' Carrie articles and. news ^f 
the exploration of space. 

Oceaniis, a quarterly publication from the Wpods Hole Oceano- 
graphic Insti^tioa, carries well-written highly readable article on 
oceanography and related mccg^rology. Subscriptions are available at 
$8 per year from Woods Hole Oceanographic Institution, Woods 
Hole, Ma^chusetts 02543. 

Sea Frontiers and Sea Secrets, edited by F. G. \\'^lton Smith, are 
published bimonthly on alternate months by the Interxiarional Oceano- 
graphic Foundation^ 10 Rickcnbacker Causeway, V^irginia Key, Miami, 
Florida. Annual membership subscription is $10. 

Underwater Naturalist is a quarterly journal published by the 
American Littoral Society, D. W. Bennett, Executive Director, at 
Highlands, New Jersey 07732. Membership i;i the Society is $10 per 
year and includes the above quarterly, newsletters, conservation alerts, 
and two occasional publications, an educational bulletin and Marine 
Resources book. These items contain useful information for teachers 
and students, K-12, related to life in coastal waters, mirshes, and 
estuaries, 
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Skylook thetjFO Monthly, edited by Dwight Coxmelly, is pub- 
. lished at 26 Edgewood Drive, Quincy, Illinois 62301. &ibscription 
rates:^ United States and Canada, $5 per year; 50 cents per copy. In- 

* 1969 Skyhok was designated as the official publication of MUFON 
(the Mutual UFO Network), and works cl(Kcly with this international 
organization, although, the two are financially separate. Since 1967 
Sky&ok has be^ reporting the current UFO sightings and research. 

* (Sex also News Bidktin of the Center for UFO Studies, listed 
under "Project Newsletters,") 

Flying Saucer Revmo, edited by Charles Bowcn, is published by 
FSR Publications Ltd., c/o Compendium Books, 281 Camden High 
Street, London NWl, Fjigland. This is an international journal (of 
high caliber despite the colloquial title) devoted to the study of Un- 
identified Flying Objects or UFOs and presently in its 20th year of 
publication. Annual subscription USA*and Canada $7.50. Contains 
technical and nontechnical reports, statistical studies, letters, news of 
current books and other publications, '^^jj^ 

X. Biological sciejice 

Bioscience, edited bv John A. Behnkc, is published by the Ameri- 
can Institute of Biological Sciences, Inc. (AIBS), 1401 Wilson Boule- 
vard, Arlington, Virginia 22209. Issued monthly and included in 
membership to AIBS, which is $16 per year; $8 for students. For more 
informaaon on this journal see a letter from the editor' published on 
pp. 4-5 of The Science Teacher, May-1974. 

AIBS Education Revieiv, a quarterly, is edited by Richard A. 
Dodge, and also published by the American Institute of Biological 
Sciences. Included (along with Bioscience) in AIBS membership which_ 
is $16 per year; $8 for students. It contains very helpful reports and 
articles on educational developments, programs, and methods. 

American Psychologist is the official publication of the American 
Psychological Association and includes general articles as well as news 
of the Association. Published \y the APA^t 1200 17th St., N.W„ 
Washington, D.C 20036. Subscription, $12 -per calendar year. . 
^ Agriculturd Research, published by the Agricultural Research 

Service of the U.S. Department of Agriculture, is' a newsy, wcU- 
illu^trated publication with short articles on current research in agrt- 
culrurc. Available from the Superintendent df Documents, U.S. Gov- 
ernment Printing Office,- Washington, D.C. 20402, for $3.60 pec yeaf. 

) 
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Amiricm Journal of^hool He^ilri?, ©iitcd by Herman &. Bush, 
is the o£cial journal of the Aroerioui Sc!ux)I Heakh A^oda^on, Kent^ 
Ohio 44240. Published monthly at $15 per year. A frequent ifeature of 
the Journal is '^Nejv Aids for InOTUCticHi,** 

Jourml' af Ntafition Education is designed for **tho5« j^csons 
who arc interpreters of nutritional sciences and motivators for the 
devciopment of good nutriticmal practices.'^ Published at 2140 Shattuck . 
Avenue, Suite 1110, Berkeley, Gdifomia 94704. Subscription rgte, $8 
per year. 

X/- Periadicais of generd inte^^st to science teacbe^^^ * 

Science Activities, edited by Theodore L. Stoddard and Jane 
Powers Wcidon, is presently under new ownership and published 
bimonthly by Heldref Publications, 4000 Albemarle Street, N.W-, 
Washington, D.C. 20016. Annual subscription rates arc |f2 for insti- r 
tutions arid $9 for individuals- Single copy price is $LSO. Add $2 for 
subscriptions outside the U.S, and Canada. Copyright © 19M, Helen 
D wight Rcid Educational Foundatioa All issues ot Science Acthities 
are available on microfilm or in Xerox copies from University Micro- 
films, 300 Norjh Zecb Road, Ann Arbor, Michigan 48106/ The present 
editorial ' policy is to cipnsidcr for publication original articles about 
science activities for elcmenttary, junior Wgh, and high scl|ool students 
and teachers. Until December 197^, Science Activities was edited by. 
Charles A. Martin and published monthly except July and August at 
8150 Central Paric Avenue, Skokie, Illinois 60076 by Science Activities 
^ Publishing Comp>any, "Nuts-and-bolts" article book reviews. Useful 
periodical. 

The Australian [ScieTice Teachers Journal^ edited by Ian D. 
Thoxnas, ii -published by the Australian Science Teachers Association i 
(ASTA), the. counterpart of iP^JSTA, c/o Mr. N. M. Niemann, 66 
Illawarra Road, Hawthorn, Victoria, Australia 3^122. It is distributed 
to members of affiliated associations as part of their membership entities 
mcnt. As of. 1974, price of single copies is $3 (Australian) plus postage 
(20 cents). Annual' subscription for libraries and nonmembers, 1975: 
$8,25 (Australian) per volume, three i^es, including postage, Ctmm- 
latite Index covering the first 50. i^ues: |2 (Australian) per. copy plus 
pos^iagc (20 cents). Contents indexed in Australian Education Index 
(ACER) ?nd Current Index to Journals rn Education (ERIC, Ohio, 
U.S.A.)- As the official journal of the Australian Science Teachers 
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' Association, it ^ms to comiQunic^te tbcQiy and practice in a piofes^ 
aonal manner as a basis for improving science cducatkjn. It is intoukd 
to assist' with the daily needs of the classroom practitioner, to provide 
c^cnce and a rationale for^iroproving science cdwcatbn, and to serve 
as a chronicle of the advancemoit of fence education in Australia. 
The current editorial policy is to, publish, in most issues, a nunibcr of 
articles related to a specific theme. Emphasis is upon the Australian 
context. Proposals for futiire themes will be welcomed by the editor. 
. However, the use of these themes m no way precludes l^e publication 
of other worthy contributions. In addition to an assottiiient of articles 
on a wide range of topics, jKich issue e»niains a Research Se^OQ; ^ 
section* entitled "Around tht &ates," T«;hniqtics for Teachers, and 
book reviews. The Journal is published in tlw months of May, AugiKt, 
and November. < ' 

' the Crucible, edited by Don Galbraith, is published by The 
Science Teachers' Associsition of Ontario, as its official journal, STAO 
Membership Office, Suite S904, 252-^ioor Strat West, Toroiito, 
Ontario, Canada MSS 1V7. The Sdence Teachers' Associatbn of 
Ontario y>m organized m 1890 and isltiic Science Section of the Ontario 
Education Association. The membeBhip fee of $10 includes a sub^ 
scription to T^e 'Crac/^/e. Library subscriptions are $8 and »nglc 
copies $1.50. Subscribers and contributors to The Qrutible extoid 
beyond the boundaries of Ontario. They include people in other 
provinces and the United States. Carries an interesting, diverse assort-^ 
ment of articles and features in each of its six issuo: pe» year. 

Termsylvemia Clearinghouse on Methodology m Elementary Sci- 
ence, edited by Donald A. Vannan, is published at Bloonttburg State 
College, Bloomd)urg, Pennsylvania 17815. Published annually. Copies 
arc available for $1 each, payable In advance to the Bloomsburg State 
College Trust Fuhd,#477T and sent to the Editor. Ctonfciins articles 
pi interest to those in prescrvicc or inservice elemenbuy school 
^science teacher preparation. Contributors and subscribers extend be- 
yond the borders of Pennsylvania and come from many states around 
the United StatK. 

The Schifot Science Re^ienv, edited by A. A. Bishop, and E<fa^fl- 
tion In Science, edited by B. G. Atwood, are the journals of the 
Association for Science Education, College Lane, Hatfield, Hertford- 
shire, England AL 10 9A A. 

Science Dimension is published by the Public Information Branck 
Nati^flaf Research Council of Canada, Ottav^^a, Ontario, Canada KIA 
0R6. 
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Lab World, News Magazine of the BicKdinicaL Laboratory Field, 
is published by Sidale Publishing Compiny, 2525 Wc^ Stfa, Uis 
Angeles, California 90057- Annual subscription, $12. 

Out-pf -School Scientific and .Technical Educatim is a journal 
published with the assistance of UNESCO by the Intcmationai^ Coordi- 
nating Committee for the presentation of science and the development 
of out-of-school scientific activities (ICC). The journal tt^m news 
of out-of-school science activities for young peo^ef from many coun- 
tries. Published four rimes a year; price, $5; available from ICC^ 125, 
rue de Veewcyde, 1070 Brussels, Belgium. . 

Current Science is published by Xerox Education Publications,* 
245 Long Hill Road, Middlctown, Connccriciit 06457. Issued 28 weeks 
during the school year Qassroom subscription price for 10 or more 
Copies to one address: 80 cen^ per semester or $1.35 per school year 
per student This publication on newsprint is designed for student 
reading and use, ^ 



X//. Curriculum/nondescript titles/hidden science educatim research 

'fhe journals in this group arc examples of periodicals which are 
not readily identified by their titles as havings concern for topics in 
science and science' education. Yet, these and many other journals 
make up a diffuse literature in which there are widely scattered results 
research in science education. There may be one or ^ two articfcs 
per issue (or none at all) which are of interest to the science education 
researcher. However, one* docS find some valuable material in these 
journals. • 

Onricybmt Theory Neiivorki a journal edited by Joel Weiss, is 
published by the Department of Curriculum, The Ontario Institute for 
Studies in Education, 252 Bloor Street West, Toronto, Ontario, Can- 
ada M5S { V6/ SubscriptioTis (four issues): individuals' $8; libraries and 
other institutions $10; S2.40 per single issue. Baefc issues may be ol>- 
' taincd from Publications'^lcs at the address given alx)ve. 

' Education, the journal of the School Publications Branch, Depart- 
ment of Education, Wellington; New Zealand. 

Journal of Curriculuvi Studies, edited bv R H. Taylor, is pub- 
. \ ' lished llv Will iam Collins, Kirkintilloch Rd., Bishopbriggs^ Glasgow, 
G64 2PW, Scotland. ^ ' ^ it 

^ Directory of Science Teachers'^ Associations^ Worldwide, published 
for International 0)unciL of Associations for Sdence Education 
,(lCASE)t is available through correspondence with Bryon G. Atwood, 
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the ^Association for Science Education, Ckjllcge Lane, Hatfield, Hert- 
fordshire, England AL 10 9AA/ Information from 32 countries is 
compiled; For each association included, the compilers have attempted 
to list: (a) Name and addri^ of secretary or official correspondent 
• aiid name of the association, -<b) Membership, (c) Services to membci%: 
(d) Associated organizations. Contains much information on periodical? 
literature sponsored by. science teachers organizations around the^ 
world. J. David Lockard is President of the International Couacil of 1 
Associations for Science Education (ICA^). Htf is Dir^or, Intcr- 
* " national Qearinghousc, Science Teaching Center, University of Mary- 
land, College Park, Maryland 20742. The Council^ (ICA3E) is plauijung 
to publish a quarterly newsletter, tlie first of which came out in 1^)74. 

N^A Report to Educators is published four times per year for 
the community of educators, especially at the elementary and sice- 
^ ondary levels. Free upon requ^. Cbntributions and recommendations 
are solicited from rea^^, and sliould be addressed to the Eduational 
Programs Division^^Sfffice of Public Affairs, Code FE, National Aero^ 
nautics and Sp^fcc Administration^ Washington, DC i0546. Contains 
news on all sorts of spijce-related topics and ideas for using the itorici/ 
rcpprts in the classroom (e.g*, probla^ to research)^ 

Omissions AND Perspective 

The foregoing bibliography/directory — along \vith the 21 major 
journals describcd^y William S, La- Shier in The Science Teacher in 
' March 1974-^inay fS^C(5nsidered comp>4hensive but not exhaustive. 
It is far from complete. No such effort could ever include all periodi- 
* ' cals at every level of s^iphistication in eVery field. 

Some of the many omissions are Amcrlcmi Forest, Science W orld^ 
. ' Enviroimmif Action Bulletin, The Mew Scientist (England), Tech- 

mlogy Review, Ward's Biolof^y Neivsletter, Consmter Reports, Na- 
tive (Erigland), Scieiice Counseior, Carolina Tips, The Mathematics 
Teacher, The Arithmetic^ Teacher, Tiirtox Ne^s, Focus, Attdiovisual 
' ^ Instruction, The American^ Scientist, Psychology T oday, Endeavor 
(Eng}api>/Tr^/rA Physics and Chemistry Digest, Welch General 
^ Science and Biology Digest, the Colorado Sciefice Teat hers Association 

' Newsletter, newsletters and bulletins publishcd^by other state affiliates 
. • ' . of NSTA, the Jersey Association for Envrronmental Education 
Newsletter. A few of these periodicals are no longer published, but 
bound volumes, of back issues are in libraries. Others are stttl being 
/ >^ issued and expanding fiiieir covcr^e. ^ ^ 
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^ Nor ckxs it indude journals and magaaaws devoted to tropical 
£sb, electronic^ photography, microscopy, dncmatography, the plu* 
losopKy of science, oceanography! mcdidne, microbiology, tte sodol- 
,ogy of science, psycholdn^s— topics of interest to many sdoice 
teachers and their stucfents* It w«i beyiond die scope of the prcsciit 
effort td include these periodicals. . 

No attempt was inade to even touch upon the vaia: literature of 
highly tcchmc»l,^peciaU2cd or esoteric journals, 

Nfcvertheless, it is probably inactive and interesting for teachers 
and ti^ nK>re abl? students to become aware of the existence of such 
journals woildwide* This is ^gnificant since sdnure is an international 
enterprise and open communicatimi betweca scientists^ via profe^kmal 
journals such as those list^ above, is one of the oimer^nes of scien- 
tific inquiry. So, too, is the professional ^oumd part of the Ufebk>od 
of science education. ^^"'^^ 
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Curricukim project ne^lJef^^ 

^ , During the decade«and*a-quarter beginning in 1957 ther^was an 
unprecedented pc^od of curriculum development in the United 
States, p ] Fontaine reported that through 1969 there were more than 
400 projects at the prccollcgc undergraduate level, supported by . 
two different divisions iyi the National Scffcnce Foundation, at a cost 
of 142 million dollars. 12 ] ^ 

It was no easy task, during that period, for the sdencc teacher to | ^ 
keep up-todate on who was doing what. However, the newsletter was 
one of the periodicals which kept*teact^^ administrators, and bd^rs 
infprmcd of curricular developments by. the fundai projects. ^ 

Today there is considerably less activity insofar as federally 
funded projects are concerned The thrust in this decade is, or sti^uld 
be, on implementing the most promising developments of the , 1960s. 
Nevertheless, despite the precipitous^^irop in federal fundirig, there 
are still a few very interesting proiccts underway and newsletters 
publisf^d by these projects* , " ^ 

It is the purpose of this section' to provide an ailrotated list of 
some of the curriculum project newsletters currently being published 
around the world. ' 

Human Behavior Qtmiculum Pr^ect Neviisletter is published by 
the American l^chological if^ociation (APA) as a companion to 
Periodically. It is available by writing to Margo Johnson, Educational 
Affairs Office, APA, 1200 Seventeenth Street, ^.W-, Washington, 
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D.C 20036. The American Psychological Association lus received a 
$152,000 grant from the National Science Foundation wr a Human 
Behavior Curriculum Project. The project is developing 30 self- 
contained teaching units, modules on human behavior for uss in high 
schools. The grant is to support the first year of a five-year f^oject. 
The project is located at CarJeton College in.Northficld, Minnesota, . 
and is under the direction of John K. Bare, prof ^«Jr 4>f psychology. 
Teams of behavioral scientists, teachers, and students ^iU dcyelop 
the modules, the study of each lasting tw^o to tltfce weels. The 
modules could be used in classes of psychology, biology, anthropology, 
sociology, sociid problems, and sex and drug education. The project 
is designed to illuminate a variety of topics In humaa behavior for the 
averag^; high school student and to' be suitable- for students with vary- 
ing levels of ability and teachers with varying degrees of experience 
in teaching the beha%noral sciences. Inquiries should be addrc^d to 
Dr. John K. Bare, Carjeton College, Northficld, Minnesota' 5SOS7. 

QB IS' Newsletter ^ edited by Kay Fairwell, is published by the 
Outdoor Biology Instrucribnal Strategies Project, Lawrence Hall of 
Science, University of California, Berkeley, California 947Z0. Reports 
on a new project supported by a grant from the National Science 
Foundsftion: Subscription to the Newsletter is free upon request. This 
project 7s produding some really new and exciting outdoor biology 
experiences primarily .for community groups serving U- to IS -year 

Qlds. ' ' - . 

Partlimd Project Newsletter i^ published by .Portland State- Um- 
versity, Duplicating Service Canter, P.O. Box 751, Portland, Oregon 
97207. The Newsletter reports recent developments in a three-year 
integrated science sequence produced by the Portland Project, based 
on the unified science concept. Subscription to the Newsletter is free 

Hipon request, • , ; 

Prim II is published by the Center for Unified Science Educaaon, 
Box 3138, University Station, Columbus, Ohio 43210. The quarteriy 
publication is free on request as the program is supported by a grant 
from the National Science Foundatioi^t contains articles about unified 
science curriculum developments and Unified science philosophy, 
descriptions of specific programs, announcements of Center activities, 
and listings of Center resources available to teachers by mail or direct 
contact. A recent issue was devoted to 16 guidelines for developing 
an ideal unified science unit. Tliese arc intended to be used by teacher 
teams in all grade levels, kindVrgartcn through 14. Vtr further informa- 
tion, write to the Center. 

236 ■ 



Periadk^ Lkerature far Science TescbfTi 

STEP Information BuUetms, publ^hed by the Science Teacher 
Education Project, School of Education, University of Leicester, Uhif* 
vcrsity Road, Leicester LEI 7RF England.. A Nuffield Foundation 
' sponsored project ' • 

hnermediate Scierice Curriculum Study Ne^Ietter, published by 
ISCS, c/o George Dawson, Director, Room 70S, 415 Norrfi Monroe" 
^ Street, Tallahassee, Florida 32301. ISIS is an instructionaf" research 
project supported by the National Science Foundation and the Florida 
State University. Subscription to the N£n^letter^ z biannual publication ^ 
of the ISC^ is free upon request. 

BSC§ Newsletter, edited by George M. Qark, is published four 
timcsr during the school year by the Biolo^cal ^icnces Curriculum ' 
Study;' P.O. Box 930. Boulder, Colorado 803p2. Subscription' to the 
Newsletter is free upon request Carries some artiples^f general in- 
^ terest in addition to those directly related to information about 
materials produced by the Biological Sciences Curriculum Study; A 
partial listing of articlijs in Number 5d (September 1974); "Mini- 
courses in Introductory College Biology," "The BSCS Program for 
the Educable Mentally Handicapped,** **Bi6logy in Three Dimensions," 
"Elementary School Sciences Programs,'' "Environmental Module.*' 

SCIS Newsletter is' published by the Science Curriculum Improve-^ 
' ment Study, Lawrence Hall^ Science, University of California, 
Berkeley^ California 94720. SubscHption to the N&wsletter is free upon 
request. The SCIS Ne^letter, formerly published several times a 
year, will now be published twice a year. Contains up-to-date infor- 
mation on a major curriculum project in elementary school science that ^ 
is being widely i^fiplemented around the country. Current issue con- 
tains news on several recent developments: the kindergarten level 
SCIS Teacher's Guide, evaluation supplements for all 12 units, and a 
useful Teachefs Handbook. 

EDC News is publisned by Education Development Center, Inc., 
55 Chapel Street, Newton, Massachusetts 0216QI Education Develop- 
ment Center is a publicly supported nonprofit corporation engaged 
-""^ educational research and development. This publication replaces 
the ^lementary Science Study (ESS) Newsletter which tominated 
with We Number 24 in April 1972. At that time EIXI was reorga-^ 
nizcd s^that all its projects fall into sevc^Carcas: Science and Math, 
Social Studies, Media, International and Open Education and Special 



Projects C^tich as two recently begim in Career Education). All of 

i^^s 



dicsc projc\;ts ^t no^rTc^^f^^l^n one i^ewsletter, EDC News. Sub- 
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scription is free upon request to the EDC Publications OflSce. One 
of the many projects reported in recent issues of the newsletter is die 
Unified Science and Mathematics for Elcmaiury Schools (USMES) 
project formed in response to the rcicommendations of the 1967 Cam- 
bridge Conference on the Correlation of Science and Mathematics ia-- 
the Schools. This is an NSF-funded project Should be of interest to 
.teachers at aiVlcvels. * . 1 . 

MiTm&^tast News, published by the Minnemath Center, University; 
of Minnesott, 720 Washington Avenue, Minneapolis, Minnesota'^ 
> "S54SS. Current news on an NSF-funded primary grade science and 
""""^^^ * mathematics pri>gram. Subscription to the tri-annual newdttter is frro 
upon request if will be published in the Fall, Winter, and Spring. Some 

ver>' inter(»ting materials are available from this soixrce. 

"Progress in Leammg Science^ Infmrntiem Papers, Jjublished by 
the project at the School of Education, University of Heading, J^ndon 
Road, Reading RGl 5AQ En^d. Information Paper Number 3, 
published in June 1974, reports on the work of tius new project begun 

^ in April of I97f and directed by Wynne Harlen. The Director was 
formerly associated with die Science 5/13 Project (as its evali^tor) 
based at the University^ of Bristol. Of intere^ to. educators concerned 
with elementary and junior high schobl science. "The general aim^ of 
the project* is to produce material for teachers to use in assessing 
children's development of scientific ideas and in applying this informa- 
tion to decide the kinds of science activities appropriate for their^ 
^ children. The materials will be for teaclwrs of children aged bet)\'ecn 

five and thirteen. Tlie project is attemp»ting to provide help with both 
facets of'the process of matching children's activities, to their abilities 
learn from them." 
Center fot UFO Studies Ne^'s Bulletin, edited by Margo Mete- 
" grano, is published by The Onter at P.O. Box 11,'Nortiifield, Illinois 
60093. The Bulletin is not intended to be a technical report. It is solely 
to keep contributors and investigators current on the scope of Center 
activities. The director of the Center for UFO Studies is Dr. J. Allen 
Hynek, Chairman, Department of Astronomy, Northwestern Uni- 
2 ~ versity. Subscription to the News Bulletin is by a contribution of $10 
.(overseas mininiurti $15), which supports the work of th^ Center. 
Donors receive -Nevs Bulletins and summaries of technical reports 
durincr a 1 2-month period. , • 

USMES News is published by Education Development Center, 
• 55 Chapel Street, Newton, Massachusetts 02160. This newsletter, avail- 
♦ 
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able free upon mju^st, reports on devclopnients in an NSF-«upportcd 
program for ciencniary Khool chUdrcn; integrating natural science, 
social,,sciciicc, mathematics, and language arts. Unified Science and 
Mathcmatks for Ekmentaiy ScIkwIs (USMES) j^orently has 30 
expArimenui schools ami 61 resource teams in 20 states and the Di^ct 
of Columbia* |^ ' ^ ^ ' - 

essmk d)€et is published at the Evergreen State College and 
reports on project funded by the National Science Foundation (such 
as the Environmental Studies Project), Subscription to the newsletter 
is free u|5on request. Write to Dr. Robert C ^plcs^ Rpom-2n6 
Essentia, the Evergreen State College, Olympia, Wa^iington 98505.- 

The Granwmnship Center* Ne^s, edited byvThomas T, Whitney, 
is published by the Grantsmanship Center, P.O. Box^44759, 7815 So. 
Vermont Ave^ Los Angeles^ California 90044; >3brton Kiritz, Execu- 
tive Director- This publication is issued eight tin^ per year. Annual 
subscription rate is $10 for one year. Rcquc^ a sample copy qf Issue 
No, 6, June- July 1974. Sec also Foimdation Nenm published by the 
Council oh Fotfiidations, 888 Seventh Avenue, New York, New. York 
10019. ^ 

Newsletter of the Program on PuhUc Conceptions of Science iss 
publisted at 358 Jefferson Physical Laboratory, Harvard University, 
Cambridge^ Massachusetts 02138, wkh supporting funds from the NSF 
and the Commonwealth Fund. The quarterly publication includes 
news iten^s, communications from readers, and bibliographies of articles 
and books on the public conceptions of science, including conceptions 
of the ethical and human imjiact of science. Single copies may be 
obtained without charge by writing te the Program on Public Con- 
ceptions of Science at the above addre^. Back copies of certain issues 
of the Ne^^letter may still be available. 

Plans arc reported also forxa Project Physics Newsktt£r, which 
will be sent free of charge to those requesting it. Write to the Harvard 
address given above. 



REFERENCES 

\ -■ • f ^ 

f6r one of the comprehensive sur\^cys of this impn^edchted period of 
Curriculum acrivity see Willard J. Jacobson^ **UJ5"A,^Pc^-Spucnik Science 
^urricula^" in Strategies for Curriculum Cbart^: Qfses From Tmrteen Natiam. 
EdhccJ by R. Murray Thomas, Lester B. Sands, ai^ Dale L. Brubaker "(Scrm- 
ton, Pfciinsylvania: Imematio^^ Textbook Co^ fi^), pp. 116-55*, see also 
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the Advanccmcttt of Scknce' (AAAS), Bostmi, Mas6achusetti» Decembef 30; 
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utilizing Community Reso 



uroes 



Charlotte Pumcll, Dtrector, Del-Mad System^ Dover, Del 



A course in community resources is included in most teacher prepara- 
tion programs* Generally, these programs arc teacher-oriented and 
serve only to make the teacher aware that the classroom extend^ 
beyond the immediate confines of the school Most science teachers 
must then catalogue the natural and man-made resources which can 
be used for field trips and compile a list of r^urcc people who can 
be called upon to augment classroom activid^ 

For science, supervisors, the underlying premise of inarshailirjff 
Support outside the school community is unchanged Thq differjppr 
for the science supervisor is -in the degree of effort, breadth of the 
community, and extent of\£he contacts- . 

In the usual school /community courses, the community is gen- 
erally defined as the school district or n^by areas where access is 
, easy and familiar to the students. For science supervisors to limit dicir 
effort to such an immediate area is a mistake. The community for the 
science supervisor should include the entire state, local, and federal 
governments,, statewide and local industri^ and private foundadpriST 
In short; the main conpera of the scimce super\4sof is to-secure funds, 
either direct or in kind, to carry out die programs which will r^ult 
in better teaching, no matter where the source is located* ^ 



GavefTfment fundmg 

Most science supervisors are aware of funds available to them 
from the federal government and in particular those which are allotted 
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on a fonnula basis or administer«J through the state education agency. 
What is generally not known arc those federal funds which arc ad- 
ministered directly by the various federal agencies and for whicl^ 
open competition is the jselcction mechanism. AinKJSt all fwieral 
cabinet offices have an edUcationai component which is comipatible 
with the particular cabinet responabiiity and may fit thef particular 
requirements of your district or school Sometimes state departments 
of education circulate program "^tonounccownts; more often they 
don't. Therefore, a goo^ carting place is a-copy of the Federal 
Register which contains 4 listing of the programs, the amount of the 
appropriation, and how to submit proposals. Although one can be 
placed directiy on the niailing lia (only to fiiid after the effort is 
made to submit a proposal that there may be hidden requirements) a 
better source. of the current listings and their restrictive clauses 1« 
the office of the local coingrcssman. All congrcssnen maintain offices 
in their home districts, usually county seats, and have staffs paid to 
assist people in procuring funds. It seems that few supervisors uie 
the offices of their congressional delegation as a resource to keep 
themselves up-to-date on federal programs and for assistance in^dcvcl- 
oping and submitting proposals. Congrcsaonal staffs are often willing 
to help but thev are rarely utiUzed by the local supervisor. If you 
do write federal" proposals, "don't expect the various agencies to supply 
all the funds necessary. Proposals arc generally looked upon more 
favorably if there is local effort evident in the form of matched funds 
or in-kind contributions (e.g., time of director, secretarial services, 
supplies and materials, etc.). 

All state money for education is not funncled directly through 
the sute education agencies. Frequently, varioufepce agencies run 



arc compatible Wh the agency's purpose. Science supervisors should 
investigate the departments, of natural resources, environmental con- 
trol, consumer, affairs, social services, Indian affairs, agriculture, and 
archaeology. Sometimes these programs are published and circulated; 
but visiting the information officer is often more effective. These 
agencies are good sources of material for teachers since they 
■p r e fe r to work through one person in the district rather than answer 
the requests of a number of individual- teachers. In addition,, these 
agencies usually have money for pr^J^ng ahd^ dissemination but lack 
the expertise to develop materials whicK may be useful to teachers. 
Frcquendy, these agencies will also supply personnel for programs 




^organized and operate by scieacc supervisors in outdoor ^iu:ation, 
enviroamoital education, &ntkropology» oireer education, coasunHtr 
education programs, and many otters depending on the goals and 
composition of the di^ct ^ 

Industry sources 

MzjOT corporate ihdu^ry is often willing and anxious to help 
with school progrsuns* Direct program support, guest lecturers, »nd 
equipment arc die kinds of service, industry provides. If there is a 
major industrial plant in your area, the be^ place to start for grants- 
in-aid is the personnel manager. If the plant is small, speak to the plant 
manager. Most plants have small amounts of money which they can 
utilize for educational purposes without submitting tlu request to the 
corporate hoiiK office. If the request is large, it is usually sui^nitted 
in writing and forwarded to the home office for action* i^ost major' 
companies maintain company foundations which act on these request 
but endorsement by the local plant manager is essential if the request 
is to be considered serioudy. ^ ' 

Several points ^ould be considered in working with corporate 
officials and corporate foundations. First, brevity is the watchword, 
A proposal over five pages is too long. Educatioiiai jargon most be 
kept to a minimum, A succinct statement of the purpcse of the project, 
data to support the p^jrpose, how the project is going to be carried 
out, personnel involved, and expected, outcome is sufficient material 
for the narrative. Second, the budget should be realistic and stated in 
precise terms. Matched funds or in-kind service are good . for showin|f 
the local effort, but are not always esscntial. A ratio of three corporate 
dollars to one district dollar is a good rule of thumb. Third, a per- 
sonal visit with the executive making the final decision is a must if 
the proposal* is to itc favorably received. Las^ and perhaps most im- 
portant, is that all requests should be madp. on a first and final basis. 
Industry docs not want to be obligated o^ a long period of time but 
prefers to treat each rcqu^ separately^vUnlike the- federal gp^emmcnt, 
industry does not usually negotiate on budgets or prograrps; therefore, 
it is easier to come back for a new request rather thai/thc same thing 
year after year. Morcc^ver, cor|X)ratc giving is determined by profits* 
Judicious, reading of financial pages of a neu^i^percan make it under- 
stood why first and final rcqu^ts.are preferred over support of a 
select few clients. 
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Request tO smaller comp^iies locate in ti^«dijt||^ an not m be 
overlooked Tiv same ground rules apply for approach to small k>cal 
companies as to Urge c^es, except that requests ^uld be smaller aod 
for sped£c purposes: The. request is |>articuli^ly {mlatal^ if com<- 
pariy is a science-bascd one/&nall companies are s^iod pra^»ect$ for 
support of field trips, sp^ual ^mpment, oireer ediKratkni, resident 
camping, printing, or other sf4dlfic requests* In the case df small^ 
companies, die decision is made by tl^ owner or general manager and 
the decision is usually unilateral One value of using smidl companies 
as a resource is that rt^i^* arc handled quickly and input from ^ 
grantor is oftoi giva:i as a bonus. l^oUow-^up is oister, and if the 
decision jititcer's interim is captured a ^valuable ally can be enUtted 
for fupife support. 



Clubs, foimdatians.afjd trusts 

Every community has scWicc clubs, most of which arc anadoui 
to assist with worthwhile projfccts. Service dd)s in scotc TOmraUnilics 
ha^e built outdoor laboratoridii Served as leaders for overnight trip$ 
in reSdence camping, sponsored students in various science acdvides. 
such as science fairs and conferences, and provided teacher support for 
summer activities. Moreover, mp^ service clubs have csGiblishcd 
foundations which arevwiiling to consider lar^ requests. However, 
these requests, i^e tho^^t{Andustrial plants, must haVe the approval 
of the local club. 

Local private foundations and community trusts arex)tlw sources 
of support. The most "difficult piece of information to acquire is from 
where the foundation is operated and who the chief administrator is. 
One starting place is a check with the Foundation Dtrectary (this 
bo6k can be found in mo$t large public and college libmies). It lists 
the foundations by state, assets, purpose, and chief contact person. If 
a foundation is located nmby, it is wise to make a personal visit to 
the operating officul — unless the information giv«i in the Directory 
specifics otherwise (some foundations want no personal contact and 
will only accept letters). Many foundations are not list«i in the 
Foundation Dirertory ; they may be nunaged by banks or law firms. 
. The best way to IcKiate one of thes^ foundations is by calling tbt trvst 
officer at tlw? local bank branch, or home office of & local bank 
Foundations managed by law firms , are more difficult to locate. Per- 
haf^ the most efficient method would be a request to the Internal 
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Revenue S^ce or tfie ^e tax office. All foundftdqns are required 
m file iQcome tax returns in May an.d H§t the name ^d^ddress'of the 
chief foundation officer. Often inundations are set up to suppo/t 
specific purposes aqd frequently cducatbn in general is one of the 
main recipients: 

^ " 'Comrnunity truste are usually maintained by banl^ These .trusts 
generally consist of nK)ncy b^ucathcd by individuals for g^>od pur- " 
poses in a given community. If funds are not specified for a^particular ^ 

' purpose, the board -of directors usually d^di^ what rfie purpose is 
and ac^ accordingly on requests. Oftcn^ these purposes change with 
the riracsTuid an inquiry docs no harm, 

Another category of foundation? i% the large private cmes of^' 
national stature, Altiv^ugh they tend to be more interested m large * 
districts vi^ith diarict problems, or in idwidfying a problem and then 
seeking grantees who may attempt various solutions^ a reading of their 
annual Reports for necessary information ^ possible ass^ance* Their 
iiamcs and addrescs can also Ik: found in the Foundatbn Dtrectory. 
When working with foundations, remember that their income depends 
on investments and fluctuates from year- to year. Therefore, e^cept^ . 
jn the case of Jargc national foundations, a^giant is nrely made for 
more than one year. The'*'first and fii^" principle favored by industry 
is much stronger with foundations. Brevity and clear sucdnct writing ' 
are essential to any foundation propo^* Contact by science su]>er- 
visors with private foundations and community trusts is often ne- 
glected* TTiis valuable resource can be taoMd if properly approached 
and if the request is purposeful aqd wilt rave lasting impact More- 
over, f uhds gained from private sources' can be used to match federal < 
funds and are indicative to federal proposal riders of the dq^ee and 
extent of the local commitment. ^ 
4i The science supervisbr has many tasks te^ perform. The main 
gharge is obviously improvement of the science program. To do this, 

- additional^ funds arc pften required. Therefore, it is imperative that 
the science suf^rvisor have readily available sources which may be 
drawn upon*to enable""the supervisor to cajrry out his or MlMchargCr— 
The above-mentioned are^ by no means ^exhaust all the po^biUties 
but rather serve to point out some places which may have been over- 
looked. To the enterprising science supervisor, they represent a guide ' 
for healthj?^ cxplorarion. 
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In past years, the sarch fof {wishaMe materials nasdcd for,sci^c 
claries ^Jik! teachers on dn^-ccmsuming collection excursions before 
aiuiiPafter schddbs For ^cample, trif»; to meat packing plants were 
nccessaiy to colfect animal tissue* Teachers visited rivers and^^ponds 
tO; obciin specimens of protozoa, alg^^ or marsh plants, jouriicys to 
hatcheries yielded fertile eggs, while ice cream manufacturing plants 
were a source of dry ice. , ^ * * 

Increa^gly^ Ijowcvcr, such excursions l>ecanie impractical, and 
then impossible, ^As cid^ grew ^and expanded, tjuict ponds were re- 
placed by freeways. The natural environments of estuaries and rivers 
disappeared with the construction of iparinas «nd concrctc^hanncls. 
Even egg hatchcri^ ceased operation or, were moved elsewhere be- 
cause of the con^ruction of new housing tracts. 

Other developments intensified the need for more diverse ma- 
tcriais, as wdl as for inservice ^ed^cation- Teachers coming from other 
places, who were employed by expanding districts in considerable^ 
numbers durii^g the 50's and 60% were unfamiliar with die types of 
items required, and-also with their local sources^ Meanwiiilc advances 
in science and technology were creating demands for riew sdendfic 
materials and' more extensive classroom laboratoryvwork. 

One effective solution to this dilemma has dcvelof^ by 
the Los Angeles City Schook , , 




OrgaisfawnoftbeScimceMaimelCemer , 

To aUeviate this atiudoii, tJic Lcs M 
a Sdence^tcdel C3cnter in 1^1, when federal funds bccaine available 
trough thcNatioatl Dcfcnisc Education Act, Title L Polidcs and* 
procedure* for the operation of Ac Center were formulated jointly by 
science mpervisors from the iDivisioh of Insmctidflal Piinhing uid 
Services auid the Diviaon of Secondary Ed^jcadon. Thb mutual 
cooperation has b«ffl one of the key factors in the smxess of tiw 
facility. Hca^ by a sd^ce specialist, the sUfF includes a s«Tctary, 
a senior clerk tygist, two titick drivers, a life science laboratory t«h- 
nidan, life science stock, clerk, and two chemistry clerls. • 

Located in Van Nuyis, the Science Materiel Center serves teachers 
in rcguhr junior and senior high schools, and adult schook Although 
sepafate budgctjry funds arc not provided, the Daiter has been able 
td provide materials for adranced placement, physically handicaf^ed, 
and continuation schools on a restriaed basis. Materials have also b^ 
provided to the Youth Services Outdoor Education Program- ' 

In, the past, the Science. Materiel Centq^providcd-^Jrvices to tltt 
Ufe science departments of the Los Angeles Community College Dis^ 
met on a contract basis* Proicct APEX^rfecierally funded educational- 
opportunity prograra (now tcnninfltcd), was supplied with complete 
kits for every biology experiiMnt Durii^ 1968, the Programs for 
Educable Mentally Rctarckd Section of the Division of Special Edu* 
cation initiated plans to supply scien<;e Idts for EMR cla^, Currently, 
72 different basic, single-concept, sclf-<(fatained kits for el^cn^ry, 
junior high, and senior high school EMR classes arc maintained and 
delivered by the Center. These kits arc d^gncd to provide all equip- 
ment and supplies nciKicd for the 'EMIil science program. Printed 
materials are included to* aid the teachers, and individual student 
exercise sheets' are f umished with secondary kits, 
"... 

Phases of develapftent 

Services of the Science Materiel Ccnfei^ were initiated in these, 
developmental phases; 

' Phase J Establishment of a perishable-materials supply center, 
with provision for bi-weekly deliveries to §chook 
Phase 2 Purchase of specialized equipment, not available m 
schools/ for u^ by teacters on a loan basis, ' 
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Fbase ^ Developm<»it: of a dksnoasQBtioa lainuatoryHi^^roQiai 
and other facilities for inservic^ training pr^gt^ims, inclti dirt g 
institutes^ spcdal i^caistratioas, and t^ 
facilities also are utilized by oi:itsxahding science stwiencs* 

Phase 4.,' Proviaon of worksfvap (jqmpmenc, including power and 
hand tools, for use hy teachers in the coostyiaaicm of ''faoine- 
niade" teaching aids. . 



Types of THdtemls \ 

During its first y«ar and a half, the emphasis at the SdciK:e Materiel 
Center was on implementation of Phase 1. With the cooperation of 
science department chairpersons, the staff dcvelope^ comprehensive 
lisc of perishable items required by teachers. In caolf subsequent year, 
this list has been evaluated and mwiificd to enrich firiwratory acti^tiet 
in science classes. The Center now makes available' more than CW9 
hundred items, including: 

Anhml Tissues Beef brains, beef eyes, beef yk» lamb heads, 
lamb hearts, lamb shahks, lamb plucks, lamb tonguei, lamb 
tracheae, oxalated beef blood. 
'Aqimium Items Duckweed, clodca, foxtail, hygrophilia, val- 
, lisncria, axolotl, brine srimp, l|rinc shrimp eggs, clams, pomet*, 
fantails, guppics, newts or salaai^anders, ghost shrimp, s^^^ 

snails, tackles. 

Cultures Amoeba, Daphnia, dr<Kophila,-cuglena, plankton (pre- 
served), pond mat, pond water, protozoa, and spirogyn. 

Dry interns Blood slides, bran, drqsophila niedium kit, rat and 
mouse food, dry baker's yeast, brewer's yeast, planter mix, and 
sterile plasric pctri dishes. 

An'mmls Ascaris, crayfish, fetal gigs, frogs, mice and rats, earth- 
worms, mealworms, crickets, and fertilized eggs. 

Flants Cobra liiy, colcus, geraniums, and mimosa, • 

Seeds, Bulbs, and Spores 28 varieties, including generic com and 
tobacco seeds. 

Inorgsnic Hems Dry ice, spring water, radioactive ^odinc, and 

phosphorus in solution. ^ 
Marine Items Live clams, mussels, and sea urchin* - 
Hormones ' Thyroid tablets and indolcaccric acid. 
Antibiotic Setisitivity Discs Aurcomycin and penicillin. 
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C^gmikmg a ScicMi Mamid Cmif 
* 

Prepared Sterile Culture Media ' Qrones, potato dextrose agar, and 

cryptic soy agar and broth* 
Ih^epwred Stains and Indicators 2/^itans. 

CoTisumble and Loan Kits Bacta^blogy kit, sea urchin develop- 
ment kit, drosophila medium ki^ niiic B^CS kits, two mineral 
kits, and three bottled gases. ' i 



Economic considet^atimis • 

After bdng received by the^icncc Materiel Center^ fresh animal 
tissues arc washed, packaged in freezer wrap, and quick frozen* For 
cas)j>iKspcction, the lamb heads are cut along the mid-saggittal line to 
expose the br^n, pituitary body, nasal cavities, Onuses, teeth, and 
tongue. Cranial nervc$ may be removed, meninges demon^rated,* and 
the cranial oavity expend. Each half of the lamb hedid served a dissec* 
tion material for two students* The entire proces^d hold Costs 70 
cents, which means that the cost per student is abou^ 20 cents for 
material that can be utilized in several units in physiology or biology. 
Beef eyes cost 25 cents qich, frozen and packaged. Most inycxtebratc 
cultures cost an average of 50 cents per classroom set. Savings such as 
these have reduced the pcr-pupil cost, for laboratory work to such 
an extent that today student parricipatiori^ in activities is almost as 
economical OS teacher demonstrations were in the past. 

Arrangements for collection of materials are carefully coordiiiated 
for maximum effectiveness, A single excursion, for example, cart yield 
spirogyra, pond culture, and spring water; and^ since the meat-packing 
companies with which the Center deals are located in the same general 
area, a week's supply of animal rissues can be picked up at the same 
time. An itinerary is planned which includes the various suppliers, 
such as hibtchcrics, nurseries/ and the University of California at Los 
Angeles, so that the least possible time isi spent in gathering items. 

Other economics also arc achieved in a variety of Ways- For 
example, biological supply houses have cooperated with the Science 
Materiel Center by offering special rafcs for wholesale orders* Special 
delivery of live materials, such as culture^ makes it possible for ship- 
ments to reach the Center overnight from almost any part of the 
United States. Live frogs can be purchased in other areas and trans- 
ported here by air frcrgfrf mof^ economically than they can be ob- 
tained from local sources. 
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Section 4: Refimees for U» Supmiisor 



Emphasis sennce ' • ^ 

By far, the most important aspect dw Science Materiel Center's 
operation is the service it provides. A hunp sum is budgeted to tl« 
Center so that the sjx^dalist can allocate supplies on the basis^of die 
science enrollment in each school In addition, schools arc permitted 
to transfer their own funds to their^ Center account. To perform its 
service role effectively, the Science Materiel Center staff assures that 
perishable materials are delivered to the "right place at the right.tirae," 
High standards of quality are scrupulously maintained. With advance 
notice, the Center can supply any number of 10 different strains of 
DrosopWla for use in genetic experiments. Within^4 hours, 10 nc of 
Iodine 131 and Phosphorus 3^ can be delivered. T^ip: are safe quanti- 
ties.fof the teacher" to use, .or to place in storig^ inasmuch as the 
eteifiicals are short-lived isotopes. One of the major contributions 
of the Science MatcrieU Center is its conservation of teacl^r time. 
For example, a considerable period is needed to culture Drosophila. A 
student can be employed to measure and i^ck the ingredients of the 
culture media in a small container, ready fdr use. The teacher tl^ 
needs only to add water, to cook the solution^ and to pour the medium 
into a container for classroom use. Collection of chemicals and equip- 
ment ijso can be time-consuming. Teachers themselves haye prpvided 
invaluable assistance to the Center in the suppl>'ing of perishable 
materials. Working with university personnel, tlw. Center staff has 
d«velcped "Sea Drchin Egg Fertilization and Development" Kits." 

Special equipment mdtnservkeeditcatiolt 

• Progress in initiating Phase 2 in the operation of the Science 
Materiel Center— that of establishing a special equipment loan service 
—led to the introduction of Phase 3 (Inscrvice Education) ^ well: 
Jhc first items of equipment placed at the Center and made available 
on a rwo-yeck-loan basis to schools included kymographs, atomic 
scalers, Zcromatic meters, wave motion machines, oscilloscope 
and microtomes. Recently lalers, marine sampling devices, absorption 
spectra demonstrators, attd other equipment has been added to the 
loan list. Since some science teachers needed training in the use. of 
these types of equipment, institutes have been held for this purpose. 
After each inservice session, the volume of requests increased fof the 
loan of the particular equipment that was invelved. (Since elimination 
of th? -institut^, due to recent district economy measures, the spe- 
cialist, at the Center now'^provides training for individual schools.) 
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(nsmdctkmal aids workshop. 

Just as Phase 2 sdmubted the ioitiatkm of Biasc 3 tl^ SdoMiic 
Materiel Cciiter program, rim latter phase has led .to Phase 4— that of 
establishing facilities where science teachers can prepae d^it own 
cteroom^ids. Although I^iase 4 has not been fully ccunpleted* & 
workroom equipped with b^iches and electric^ oud^ts alr^y has 
been made available. Equipn^ includes a dfiU press, circular 
jigsaw, metal brake, and lathe. It has been proposed that du^ w^kroom 
be open during several evoiings each week and on Saturikys* Presently, 
the Center is open from 8:00 aan. to 4:30 pjn^ Monday throu^^ 
Friday, for worfcAop use. , 

Responses p'om schools 

Since the Science Materiel Center'has \:^cn in operarion, the 
response$ of teachers to its services and facilities haVe bom enthusk^. ^ 
For example^ after distriburionr of the sea urchin kits^ one sd<mcc 
ckpartmcnt chairman wrote: "Probably our mc^ oumanding experi- 
ment of the semester. • . * We dl (^^ts as well) thank Science 
Center staff for this fine effort." ' ^ 

A number of conclusions can be made regarding the value of this 
facilit}^ For example, it* is evident that the Science Materiel Center 
has helped to resolve a number of serious problems relating to science 
instrucrion. From the number of inquiries rorcived from other school 
systems, it is also apparent that a similar center could be invaluable 
to many urban sch<x)l districts, or to a number of rnnaM districts 
working cooperatively^ 

Other scieiice centers 

In addition to the Science Materiel Center, there are eight Re- 
gional Science Centers located througlu)ut the Los Angeles Unified 
School District. They arc served by one Technical Support Center. 

The primary goal of the Rcgional^Siiience Centers is to assist 
teachers in improving tte quality of science iratruction and learning. 
This is implemented throu^ a teaching program at the centtxs with 
classes transported from schools, an instructional program material 
resource loan service, purchase of consumable instructional program 
material resource loan service, purchase of consumable "center de- 
veloped'' kits by schcK)ls, and staff development- Staff at each center 
includes a teacher, a science aide, and a clerk 
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Each Regional Sdcooe Gmter includes a classroom, animal fadli-o 
aes, outdoor planting areas, greenhouses, nature trails, teacher work- 
shop aitas, and resource display rooms. . 

Most Centers have (kveloped an mdividual and unique feature or 
facility » These include one .with a planetarium, another emphasizing 
California native plams, one^di an occanogrstfjhy program, aikd oi» 
specializing in conservation ui^iffi 

Centers are ofton xsstdt as a ftx^ point for after-^ool and com> 
munity activities, i^nicukriy in the utilization of community volun- 
teers to develop and niainuin materials. 

The Technical Support Center serves th^-eight Regional Sdcncc 
Centers by providing aninuls, animal food, materials for Idt dcvelop- 
n^ent, t«:hnical assistance, and wild animals for mo^ units. It also' 
supports die Regional Science Centers by selection, asagnsucnt, and 
staff development of Sdaice Center pcrsonncL The Science \t*teriel 
Center and Technical Support Center make materials available to one 
another to increase the variety and improve the implem|n|atioa of 
kit development. 
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AHMMfix: 

A OWcklist for Sck»ce Supervisors 



This less thah profound set of questions is cksigMd to , hdgf you to 
. look at your performance as a supervisor* ^Jlic questions arc loore 
important for the implications they suggest than for their answers. 
Consistently low evaluations may lead you to explore the professiond 
opportunities to be found in beachcombing. Rate your^ on *each 

^ . question by placing a circle around the manber in tfic iGhO line under 
each question that you t^nestly feel is appro|mate. Connect the dots 
with a tine and estimate your ZZ. Score. (Zig-zaggedncss) 

y The format for this ev^uadon scale was borrowed with'j^nnis- 

mon from the Cornell Evaluation Scale for Teachers (1963 edition) 
developed under the direction of'PhiJip G. Johnson, Professor of 
Science Education^ ComcU University, Ithaca, New York. \ 



' CHEOOAST 

1. Does your administrator depend! on you for advice atom needed 
cbangeittn the science pogrom? i 

10 ... 9 -f. . J ... 7 ... 6 . . ./5 < . . 4 ... 3 ... 2 ... 1 ... 0 

Thi^ supervisor needs to ^e knowledgeable. A record of good 
informed judgement will build the administrator's confidence in you. 

c 

2. Hcnv does your sdntinistrator usually react tp your projected 
' budget? 

10 ... 9 ... 8 ... 7 ... 6 ... 5 4 ... 3 ... 2 ... 1 .,.H> 

He should expect you to have clearly stated justificsition for 
e^ch item. You should expect that adjustments win occur as the 
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Appendix: A CbtckUst for ScimciSuptrviton 

science budget is pkwd within the total budget. Defend vigorously 
and adju^ gracefully:. 

t 

3. To ivhat degree are your present facilities and i^pfnent being 
used? 

10 f.. 9 ... 8 ... 7 ... 6 ... S . .. 4 ... 3 ... i>s^.. 1 ... 0 

tab WW* lii i lM ii i . twy i ii Bl ii ri w 9m» ^ . 

Unused cquijHncnt may reflect poor purchasing choices or a 
need for inservice programs. Unused equipment sitting on shelves k 
up^tdng to adnunistrators. \^ 

4. Has tb^ teen a noticeable cbmge in the amount or kkfd of 
science taught in the district durmg yoiir tenure? j 

10 . . . « . .. 8 .. . 7 ... 6 ,^5-.., 4 3 ... 2 1 ... 0^ 



The degrcc^f desirable chanie h different in every case, but 
^ absence of &m denotes apath/^^omplacency. Rapid fire change 

denotes irresponabiiity. , ■ 

' 5. Hovs vmy teachers attended the kst general group meeting you 
scheduled? 

10 .. 9 . 8, ... 7 ... e .. 5 ... 4 ... 3 ... 2 . .. t • •. 0 

Watch your objectivity wh^n evaluating meetings with attendance 
required. Do teachers really drop out fpr dcnda appointments? 

6. What has been your response to teachers' requests for discussions 

mservice sessions? ' 
10 ... 9 ... 8 ... 7 ... 6 ... 5 ... 4 ...te ... 2 ... 1 ... 0 

two or (MM i»- U< ttaM lo ■elw M i fii»ml«l 

• Only a fcaUy enthusiastic staff will aSk fo^^eetifigs. -Even then 
requests arc few. Don't fail to meet them, ^ 

' i 7. Caf you shov; tojigible evidence^that tke last meeting you held for 
' ' science teachers was profitable? 

10 ... 9 8 ... 7 6 ... 5 ... 4 ... 3 2 ... 1 ... 0 

. » PMMM tMfMM IMrtllig to --BBOMd, I *tak to, »*• ••fc . . . 

■^--^ . ■ — *^ . i 
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Appendix 4 CAicklisi for ScU^S^prnd^ 

Constnt follow op and careful evaluatioii shouU be msde; at 
kast mentilly, after group and individual work wiih teachenL 

8L How Tmmy differm scieme ieacbers hwig M to 
tb^rckmooms this year? 

10 « ... a ... 7 6 5 4 ... 3 ... 3 ... f 0 
m pmom ff iai>i > m pm«mi of ipni mis j 

^ Vou'll be invited if teachers ^ you add scraiething good to the ' 

instmctiottal program or die dassrcKmi atnK>sphere and if tiwy dajbk 

youarcintcresa:cdincon^g. ^ 

9. Hm^ y ou been asked to help mennewand evakf^e amdidati^ 
for positions on the sfaff? ^ 

iQ 9 ... B ... 7 . ,, 6 ... 5 4 ... 3 ... 2 ... 1 

If your admiijiswator feds that you arc a 4^6rlang, contributing, 
membei^ of the school services team, ^ou will be consuhwisa^Ii^ta^^ 
sonnel matters. \ 

la Do you like and respect most of the people on the ^ff in your 
school system? ^ v 

10 ... 9 ... 8 ... 7 6 ... 5 ... 4\.. 3 2 ... 1 ... 0 

ytt, imi work hard Mi ! Ite liim, to aok Md^fy ' m kttf mm lm§m\ 
hard too«ter Hint iMopto 

The amounuof fricndlin<^ support^ /imd interest you ^ give to - 
othcrsisoftcn ralutorcdbackto you. / ' 

1 1. How Tmny really enjoyabIe*days did you have at iDC^k this iveek? 
10 ... 9 ... 8 ... 7 6 S ... 4 3 ... 2 ... 1 ... 0 

We win some and Jose sonie, but should be looking forward to 

going tp work at least percent of the time. , 

(you decide) 

12. When was the last time you participated with other staff members 
hi a facetious seTnmitic duel or some other mutually ''enjoy able 
nofisense? . * 

10 . ^. 9 ... a ... 7 ... 6 ... 5 ... 4 ... 3 ... 2 l\ 0 

ri t t i r d ay six MOMliit m)» do yo^ mmmf i dont 

undiralMd 

If your score is low, is it because you don't enjoy oneupman- 
ship? , A sense of humor is an effective catalyst for rapport and coopera- 
tion. • " 
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13. Do you think your viork is muaUy more effkitm aad ef#c*fi» f 
than tbe 'work done by other jtaff rmmbers? 

to . . . 9 ... 8 . . 7 ... 6 . . ( 5 4 ... 3 ... 2 ... I . . . 0 



A low score here ^uld tnake you rc-cxan^^ yourself for die 
pr^>eace of cockiness and d» danger of sdfrcripupmanship. 

14. When you lack needed infotmation or do^t know how-to do 
sometl^g, lobat course of acHon do you taki? 

10 ... 9 ... 8 ... 7 ... 6 ... 5 4 :.. 3 2 1 ... 0 

■MlMg m Ml Um« Ml kMill ttHMik iNMfMtttpNiMt 

Leave the onmipotence to God. 

15. When you comtdt a blunder Jm judgment or actiont 'wba$ do 
you do? . - ^ 

10 ... 9 ... 8 ... 7 ... 6 ... 5 ... 4 ... 3 ... 2 ... 1 ... 0 



^cachers and administrators wiD generally forgive a humbk 
soil when they know he has good intentions. Just don't let carckss 
thinking cause you to outlive their forbearance. 

Id. Ho^ many of the teachers wider your direction have bad a good 
ornovel idea for teaching science this year? 

10 ... 9 ... 8 ... 7 .. 6 .. 5 \ .4 ... 3 ... 2 ... 1 ... 0 



Be sure that the teachers with good ideas have a clmnce to share 
them tend get some'^recognition for them. If you had all the good 
ideas, where did you get them? 

17. .How recently have you tried to "work directly imtb students on 
a rfgidarly scheduled basis? 

10 ... 9 ... 8 ... 7 .y 6 ... 5 . 4 ... 3 ...^ .;. 1 ... 0 

dj. xijiiinir hMMt I^MisM of^'Nl K IWM trntettm hop !• ii ft 

" It's important that tcachers..Jdw5W that you can teach and that 

you know how it feels to take classroom responsibilities. 

18. When ivas the last time you took a science content course} ettber 
credit ornon-credtt? ^ 

10 . . . 9 . , . 8 . . 7 ... 6 ... 5 ... 4 ... 3 ... 2 ... 1 ... 0 

MSMMMMr l«W tlMMi IhM 

256 

ERIC <'^^c 



App€miix:ACbtcldiaft»'Sck»e4Supttvitan 

Informaft reading and study is some help in keepitig up Mn\h new 
findings ia science, but -will not suffice indefinitely. 

1*9. How recent^is your training in suaisties, theory of learning, and 
educaSonal research? . 



Again, informal redding and study help but are not guaranteed 
to give you the new skills needed to practice new tcchniqtics. 



20. Hov^ often do you read nbsiraets of research being done in the 
area of your scientific ij}terest or in educitio3i? 

10 , 9 ... 8 ... 7 ... 6 .. $ ...n4 ... 3 ... 2 ... i ... 0 

Membership in AAAS, AIBS, and odicr such organizations will 
give you access to journals. AERA and NARST report research 
findings. Check the journals available in Icx:al libraries; 

21. When ivas the last time you checked in your school libraries for 
the sciende books stttdents coidd use? ' 



10 ... 9 ... 8 ... 7 ... 6 ... 5 . . 4 7>a^ . 2 ... 1 ... 0 

^ tart jiMT mm grt la 

The librarian u^til welcome your help in book selection. Voji 
need to know what is available for -students and teachers. 

11. When do jqu preview sciencf fihtts^ filmsiripi^ progrsmed 
kaniing^ tapes, and nenx^productlf ^ 

^10 ... 9 8 .7 6 ... 5 ... 4 ... 3 ... 2 ... 1 ... 0 



\M mmr ttltclloR ^ Mdt bf only on rfitmt hi m 

/ The supervisor needs to exert some leadership'^and responsibility in 
the acquiarion of these products. P^r selection can seriously com- 
promise the purposes of the science program. 

ll^Vhen %i;as the last time you submitted article far publkatkm 
m a professioml jotmial or the public pressF 

10 ... 9 ... 8 ... 7 ... 6 ... 5 ... 4 ... 3 ... 2 1 ... 0 
**• tm9 m nt^ teugM of iofaw H 

Journals need your viewpoints and cxf^ricnccs, .Writing about 
your program forces clarification of thought. AutKorship brings 
professional status. * . * > 
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Appndis:AClxckUstiorSckncfSupgrviiors 

24. -^Wheii th€ last time you coordinated a joint sgbooi-cptfh 

mwiUy learnhig sitmtim for students or ftiffF 
10 ... 9 ... 8 ... 7 ... 6 ... 5 ... 4 ... 3 ... 2 ..M ^. 0 

lilt iinitTT w f8| i\^ 1i ii» in p C — »*Mh. ^^h^** ' *** 

Science programs that have no room for current events in ^aice 
or programs devstcd to special interest? are not likely to sustain »u- 
dcnS interest. Most schools need resource people to fill gaps in content 
\. orknowhow. . ' 

'2s. To 'what degree Jo you participate m the actwi^^ of profes- 
sional associatiom? 
10 .9 ... 8 ..J' ... 6 ... 5...4,..3...2...1 



ProfessicMial isolationism and good supervision arc intonsist'cnt 

26. Are you pknmng and carrying oidf a program for personal pro- 

fes^oTjai advancement? ^ 
10 ... 9 ... 8 7 ... 6 ... S 4 ... 3 ... 2 .. 1 0 

MUhu »w >iliwini wqiMl »« fc« ■ Jw i w iJ m ^SSL ""'^ 

"""Advancement comes to'thos* who know how to identi£y oppor- 
tunities or to make the" opportunities tfiemseivc^ For example, as the 
usc^of the systems approach in cducationv continues to grow, the 
prepared and imaginative supervisor can advance in many directions. 
, He has the choice. 

^ ^ ^ RATING YOURSELF ^ 

^ For your scorg, total the numbers you have circled. 

, 250-230 SeequcstionU "\ 

2 2 0- 1 90 Survival and improvement can be exf^ed 

75.59 Have you tried beachcombing? 
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